
TRUNCATEDPLUGNOZZLE

COMPUTERPROGP_4

DOCUMENTATION

VOLU_ II

(NASA-CR-I]2966) TRUNCATEDPLUG NOZZLE
COMPUTERPROGRAMDOCUMENTATION,VOLUME2
(Notre Dame Univ.) 202 p

BY
00/99

DR. CHARLESR. HAL[,, JR.

Report UT_DASPD-601-2

JULY1971

N73-7290 

Unclas

05537

Prepared under Contract Nos.

NSR 15-004-029 and

NAS 8-25601

for

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FtARSFLALL SPACE FLIGHT CENTER

by

DEPARTMENT OF AEROSPACE ANO Y_CHANICAL ENGINEERING

UNIVERSITY OF NOTRE DA}[E

NOTP_ DAME, INDIANA

PROJECT DIRE_CTOR: DR. T. J. MUELLER



XIX. FUNCTIONFBASE6



XIX. FUq_CTIONFBASE6

Function subprogram FBASE6directs the solution of the plug nozzle
base pressure. A method of characteristics solution is done from the
non-characteristic line starting at the plug tip to the left-running
characteristic intersecting the plug tip.

COFLMONBLOCKS

The following CO_40Nblocks are used: _4B, BBBLK,BBLK, BLDM,
BLK3A,CNRANG,CNTR,CORNER,CSBLK,DATBLK,D3BLK,ETABLK,F4BLK, GAS,
PAR/_4,PTNOS,POLIP, SIGBLK, SIZE, SOLBLK,THETBK,TPN, and TRBBLK.

TPNZZLSUBROUTINES

Subroutines LINEARand HYPERuse FBASE6.

FBASE6uses subroutines and functions: CALC,CPB, ERF, ERFD3,
FLOW,FSTEP4,F2D, Ii, I2, Jl, J2, LIPSHK, LNEAR!,OSHOCK,PS_NGL,
_BF, SHOCK,SIG_ih, SOTE,SOTE2B,STRLNEtand TAB.

FORTRANSYSTEMROUTINES

Puilt-in FORTRANfunctions ASIN, ATAN,SIN, SQRT,and TANare used.

CALLINGSEQUENCE

The calling sequence is:

X = FBASE6(PBPI,$,NEPS)

PBPI is the base pressure ratio, Pb/Pi

NEPS= 51 for axisy_metric flow
\0 for planar flow
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AAST3A

AB

ACST4

B

CI2

CJ2

COTDEL

CR

CS

Cl

C2A

C2AS

C3A

- isentropic area ratio just u2stream of recompression

- base area (in 2)

- accuracy requirement used in locating the j-streamline

- term represented by Equation 2

- an evaluation of the 12 integral_ (Equation 13)

- an evaluation of the J2 integral (Equation 15)

- the cotangent of the change in streamline angle at a shock
wave

- ratio of _he Crocco number just before recompression to that

just after separation

- square of the Crocco nu.,_ber just ahead of recompression

- Crocco mnnber just before separation

- Crocco number just downstream of separation

- square of C2A

- Crocco nu_er just upstream of recompression

C3AC2A - equivalent to CR

C3AS

C3D

C3DS

C5

C6

D

DEL

DELMX

DELTA

DEN '

- square of C3A

- Crocco number at recompression on the d-streamline

- square of C3D

- Crocco number on the d-streamline at recompression (Equation 16)

- Crocco number on the d-streamline at recompression (Equation 9)

- non--dimensiona], distance along the initial line

- increment of distance along the starting line

- maximum increment of distance along the starting line

- change in streamline (radians) across a shock wave

- denominator of a shock wave equation
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DI

DJMI

DLINTL

DRS

DSR

DTC

EGP

EKJ

ETAD3

ETAJ3

- array of non-dimensional distances alo._g the starting line

- real n'_mber (= NDJ- I)

- the integral portion of Equation 20

- density ratio across the shock

- change in entropy across a shock divided by the gas constant

- incremental change in streamline angle (radians) in going
from the plug surface to the near wake

- geometric parameter (left hand side of Equation I)

- real number used to determine the J-subscript

- non-dimensional height of the d-streamline at recompression

- non-dimensional height of the j-streamline at recompression

ETAM2D- non-dimensional difference between the viscous and inviscid
coordinate systems just after separation

ETAM3D- non-dimensional difference between the viscous and inviscid
coordinate systems at recompressicn

FP

G

GC

GD

GP

G1

G2

G3

G4

G5

H

HTEST

- pressure ratio function between separation and recompression

- ratio of specific heats

- gravitational constant (ft-lbm/ibf-sec2 ]

- mass bleed rate (ibn/sec)

- geometric parameter (right hand side of Equation i)

- ratio of specific heats function

- ratio of specific heats function

- ratio of specific heats function

- ratio of specific heats function

- ratio of specific heats function

- non-dimenslonal bleed number (Equation 19)

- non-dimensional bleed n<_er (Equation 20)
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I - subscript

IBOUND- integer telling which type of base pressure solution is desired

IEND - last value of the I-subscript

IM I - subscript

IP - subscript

IRECP - integer denoting whether recompression has been reached

IST - starting value of the I-subscript

J - subscript

JCORN - number of J-subscripts needed to negotiate the expansion from

the top contour to the free jet boundary

JP - subscript

K - subscript

KPA - term representing Equation 18

K1 - K-I

K2 - X-2

LL4 - integer used in call statement to LINEAR

LSH_K - integer denoting whether a "lip shock" is present

59AMB - Mach number corresponding to ambient conditions

MBLD - integer denoting whether base bleed and/or a boundary layer

is present

MESHPM - integer used in setting the minimttm number of discrete turns

from the plug surface to the near wake

MI

MIA

MIAS

M2A

M2AS

- integer used _n determining whether I is odd or even

-Mach number just before separation

- square of MIA

- Mach number just after separation

- square of M2A
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M3A

M3AM2A

M3AS

NASHF

NDI

NDIMI

NDJ

NOIPTS

NOPPTS

NTC

NU

PA

PHID3

PHIJ3

PI

PNASH

POLP

POPA

POR

PO1

FYPX

PIP3

- Machnumber just upstream of recompression

- ratio of M3Ato M2A

- square of M3A

- recompression coefficient

- maximum number of I-subscripts

- NDI-I

- maximum number of J-siZoscripts

- nm_ber of points on the starting line

- number of plug coordinate points

- ndmber of discrete turns from the plug surface to the near

wake

- array of Prandtl-Meyer angles (radians) at each point in the

characteristic matrix

- Prandtl-Meyer angle (radians) corresponding to MEMB

- array of Prandtl-_:eyer angles (radians) at each point along

the starting line

- ambient pressure (ib/in 2)

- velocity ratio on the d-streamline at recompression

- velocity ratio on the j-streamline at recompression

- a constant (=3.14159265)

- pressure ratio incorporating the recompression coefficient

- stagnation pressure downstream of the "lip shock" (ib/in 2)

- ambient pressure ratio (Pol/Pat)

- stagnation pressure ratio across a shock

- chamber stagnation pressure (ib/in 2)

- static pressure ratio across a shock

- static pressu['e before separation divided by the static pres-

sure just upstream of recompression
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P2P3

P4P 3

R

REMDST

RG

RGG

RI

P_IPTS

RP

RPB

RSRB

RTRIG

R2

S

SAIR

SI

SINSA

SOD

SOL3A

S3A

T

- static pressure just after separation divided by the static

pressure just upstream of recompressicn

- static pressure ratio across the recompression shock

- array of non-dimensional radial coordinates at each point in

the characteristic matrix

- remainingnon-dimensional distance along the starting l_ne

- gas constant (ft-lbf/ibm-°R)

- the square root term of Equation 19

- array of non-dimensional radial coordinates at each point along
the initial line

- remaining number of points on the initial line

- array of non-dimensional radial coordinates at each point on

the plug surface

- plug base radius (inches)

- wake radius ratio

- trigonometric portion of Equate.on 20

- non-dimensional plug base radius

- array of entropies at each point in the characteristic matrix

(ft-lbf/Ibm-°R)

- shock wave angle of the "lip shock"

- array of entropies at each point along the initial line

(ft-lbf/ibm-0R)

- the sine of the shock wave angle

- sum of the distances along the initial line

- equivalent to M3AM2A, OR the streamline angle (radians) at

recompression

- jet spread parameter (Equation 7)

- array of streamline angles (radians) at each point in the

characteristics matrix
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THETI2

TI

TLEN

TOP

TO1

TP

TP_

TRFD3

TRFJ3

TRS

TST

T2

VIiD

VIIJ

VJID

VJIJ

VSQ

w

x

- change in streamline angle from the plug surface to the near
wake

- array of streamline ang!es (radians) at each point in the
characteristics matrix

- incremental streamline angle (radians) in going .from the top
contour to the free jet boundary

- numerator of a shock wave equation

- chamber stagnation temperature (OR)

- array of streamline angles (radians) at each point along the

surface of the plug

- base temperature ratio, Tb/Tol

- temperature effects on the d-streamline at recompression

- temperature effects on the j-streamline at reeompression

- static temperature ratio across a shock

- a test for convergence of LINEAR

- streamline angle (radians) at the last point on the plug surface

- value of the I 1 integral (Equation 12)

- value of the I 1 integral (Equation 12)

- value of the Jl integral (Equation 14)

- value of the Jl integral (Equation ]4)

- square of the shock angle necessary to give the desired base

pressure ratio

- shock wave angle (radians)

- array of non-dimensional axial coordinates at each point in

the characteristics matrix
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SOLUTIONMETHOD

Skip a page and print out the estimate of the base pressure ratio.

I. PRINT103

2. PRINTPBPI

Set lip shock parameters to zero.

3. IRECP= 0

4. LSHK = 0

See if a compression at the near wake is encountered.

5. If PBPI > 1.0, then L,qHK = !

Define calculational quantities.

6. NDIMI = NDI - 1

7. DJMI = NOIPTS - 1

Calculate the ambient pressure ratio and the corresponding Mach

nu,mber _d Prandtl--_4eyer (P--M) Emg_e.

8. POPA -- POI/PA G-I

G
9. MAMB -- SQRT((2/(G-l) ) (POPA ) - i) )

I0. NU_IB = PMANGL (}Z;_MB,G)

Set the characteristic matrix to zero.

ii. DO 17 I = I,NDI

12. DO 17 J -- I,NDJ

13. X(I,J) : 0

14. R(I,J) = 0

]5. NU (I, J) =0

16. T(I,J) = 0

17. S (!,J) = 0

Redefine the sum of the linear distances from point to point along

the initial line.
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18. SOD= DI (NOIPTS)

Set the first characteristic point.

19. X(I,I) = XI(i)

2o. R(l_l) = Ri(1)

21. NU(I,]) = NUI(1)

22. T(I,I) = TI(1)

23. S(I,I) = SI(1)

Calculate the number of vertical points needed to expand about the

tip of the plug to the near wake.

24. JCOP_ = NTC + 1

Determine the remaining nunfoer of points,

25. P_MPTS = NDJ - JCORN

Calculate the distance into which JCORN points %_iI]. be placed.

26. TLEN = (JCORN -i) (0.0025/MIA)

Determine the remaining distance.

27. REMDST = SOD - TLEN

Calculate the spacing increment in the larger region.

28. DELMX = P_tDST/P_PTS

The term D is measured along the initial line.

29. D = 0.00

The subscript I is set.

30. I = 1

Set up the iniitial characteristic profile.

31. DO 39 J = 2,NDJ

Determine the spacing between points.

32. DEL = 0.00025/M!A
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33. If J > JCOR_I,then DEL= DEL'4X

Increment distance.

34. D = D + DEL

Locate the initial line by linear inter

35. X(I,J) = TAB(D,DI,XI,NOIPTS,I)

36. R(I,J) = TAB(D,DI,RI,NOIPTS,I)

37. NU(I,J) = TAB(D,DI,NUI,NOIPTS,I)

38. T(I,J) = TAB(D,DI,TI,NOIPTS,I)

39. S(I,J) = TAB(D,DI,SI,NOIPTS,I)

3olation.

Now begin calculating along right-running characteristics starting

at the initial data line. The solution continues to the left-

running characteristic from the plug tip.

40. DO 55 K = 2,NDJ

Set the last subscript of I

41. IEND = K

The term EKJ is used to determine the J subscript.

42. EKJ = K + 0.60

Begin moving along the right-running characteristics.

43. DO 54 I = 2,IEND

Define a calculational integer.

44. IM = I - 1

Set the J subscript.

45. EKJ = EKJ - 0.50

46. J = EKJ

See if I is odd or even.

47. MI = MOD(I,2)
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48. If MI = O, then GOTO 52

The subscript I is odd. Define a J index.

49. JP = J+ 1

Calculate the characteristics point.

50. CALL CALC

51. GO TO 54

The subscript I is even. Define another J index.

52. JP = J - 1

Calculate the characteristics point.

53. C_IT_,LCALC

54. CONTINUE

55. CONTIN[_£

Now the characteristics calculations will proceed along right-running

characteristics which start on the external free jet (constant

pressure) boundary. Again the solution continues to t2_e left-

running characteristic from the plug tip.

56. DO 77 K = 3,NDI511,2

Set the last value of the subscript I.

57. IEND =IEND + 1

Define two calcu]ational integers.

58. K2 = K- 2

59. K1 = K- 1

Set the J subscript on the boundary.

60. J = NDJ

Calculate the boundary point.

61. CALL CPB

Determine the starting value of I
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62. IST = K + 1

See whether the last point has been reached.

63. If IST > NDIMI, then GO TO 77

The term EKJ is used to determine the J subscript.

64. EKJ = NDJ + 0.60

Begin moving along the right-running characteristic.

65. DO 76 I = IST,IEND

Define an I - integer.

66. IM = I - 1

Define the J subscript.

67. EKJ = EKJ - 0.50

68. J = EKJ

See if I is odd or even.

69. MI = MOD(I,2)

70. If MI = 0, then GO TO 74

The subscript I is odd. Define another J index.

71. JP =J + 1

Calculate the characteristic point.

72. CALL CALC

73. GO TO 76

The subscript I is even. Define another J index.

74. JP = J - 1

Calculate the characteristic point.

75. CALL CALC

76 . CONTINUE

77 . CONTI_UE
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Skip a page.

78. PRINT103

Define five ratios of G.

79. G1 = (S - i)/2

80. G2= (G + 1)/2

81. G3 = (G- I)/G

82. G4 = G/(G-I)

83. G5 = (S + i)/((2) (G - i))

Define the constant _ and the gravitational constant.

84. PI = 3. 14159265

85. GC = 32.18

Define a ca!culational ratio.

86. RGG = RG/((G) (GC))

Calculate the base area.

87. AB = (PI) (RPB 2)

88. If NEPS = 0, then AB = (2)(EPB)

Calculate the non-dimensional bleed number. (Equation 19)

89. H = ((GD) (SQRT(TOI))/((AB) (POI))) (SQRT(RGG))

Invert the base temperature ratio.

90. TR = I/TRB

Check for error condition.

91. If PBPI < 0, then GO TO 195

Determine the square of the Mach nu_er just ahead of separation

and the Crocco number after the expansion.

92. MIAS = MIA 2

G3
93. Cl = (! + (GI) (_._IAS)) (PBPl)-
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<

Check for a compressive turn.

94. If PBPI < i.00, then GO %_0 107

A compressive turn is indicated. First calculate the streamlines

in the characteristic matrix.

95, CALL STRLNE (I)

A shock is present. Now determine what shock wave angle will give

the desired base pressure ratio.

96, VSQ = ((PBPI) (G+I) + (G-I))/((2) (G) (MIAS)

Calculate the sine of the shock angle,

97. SINSA = SQRT(VSQ)

Determine the shock wave angle.

98. SAIR = ASIN(SINSA)

Now calculate the change in streamline angle for this compressive

turn. First calculate the numerator of the expression.

99. TOP = (G+I) (MI_)

And now the denominator.

i00. DEN -- (2) ((,_IAS) (VSQ) - i)

Now calculate the change in streamline angle.

i01. COTDEL = (TAN (SAIR)) ((TOP/DEN) -i)

102. DELTA = ATAN (I/COTDEL)

Calculate properties downstream of this shock,

103. CALL OSHOCK

Square the downstream Mach nunJ_er and redefine the change in stream-

line angle.

104. M2AS = M2A 2

105. THETI2 = - DELTA

106. GO TO Ii0
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An expansion at the plug tip is present. Calculate the Machnumber
after the expansion.

107. M2AS= (CI - I)/GI

108. M2A= SQRT(M2AS)

Calculate the change in streamline angle through the expansion.

109. THE_I2 = PSIANGL (M2A,G) = PMANGL (MIA,G)

Calculate the wake radius ratio.

ii0. RSRB = RSBF(MIA,G)

Print out the Mach nu_er upstream of separation, the wake radius

ratio, the Mach number immediately after separation and the change

in streaml_ne angle through separation.

Iii. PRINT MIA, RSRB

112. PRINT M2A, THETI2

Calculate the increment of streamline angle change through the

expansion.

113. DTC = - THETI2/NTC

Calculate the Crocco nttalber immediately aftei- separation.

114. C2AS = M2AS/(M2AS + I/G1)

115. C2A = SQRT(C2AS)

Calculate the flow field up to recompression. The term IBOUND = 1

for a conetail solution, while IBOUND = 2 for a constant pressure

boundary near wake solution.

116. If IBOUND = i, and LSHK = I, then CALL LIPSHK(I,NEPS,$)

117. If IBOUND = I, and LSHK = 0, then CALL FLOW (I,NEPS,$)

Determine the Mach numtber ratio.

118. If IBOUND = i, then M3_.'2A = SOL3A

119. If IBOLR_D = 2, then M3AM2A = 1.0

Calculate the Mach nun_er at recompression and its square.

120. M3A = (M2A) (M3_I2A)
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121. M3AS= M3A2

Calculate the cori'esponding C_-occo number squared.

122. C3AS = M3AS/(_i3A + I/G1)

Redefine the square of the Crocco number and calculate the Crocco

number.

123. CS = C3AS

124. C3A = SQRT(C3AS)

Determine the ratio of Crocco number and redefine.

125. C3AC2A = C3A/C2A

126. CR = C3AC2A

Determine the jet spread parameter (Equation 7)

127. S3A- SIG_JA(M3A,G,TR,NEPS)

Calculate the static pressure ratio.

]9.8. P2P3 = ((I+(GI) (M3AS))/(I+(GI) (M2AS))) G4

See _._hether the flow is planar or axisymmetric.

129. If NEPS = 0, then GO qO 141

The flow is axisy_etric. Calculate the streamline angle of the

near w _ke.

130. TH%_I2 = THETI2 - T2

Calculate the geometric parameter. (Equation 8)

131. GP = ((S3A) (TAN(THTI2))/(I/RSRB-I)) 2

Print the jet spread parameter and the geometric parameter.

132. PRINT S3A, GP

Calculate an auxiliary equation.

133. FP = (3) (G3) (I-P2P3)/((C2A()C3A))

.Evaluate the J2 and I2 integrals.

134. CJ2 = J2(-3,+3)
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135. C12 = I2(-3,+3)

Locate the displacement streamline just after separation.

136. ETAM2D= 3 - (I-C2AS) (Ci2)

Change the accuracy requirement on the stre_m!ine location when

base bleed is present.

137. If MBLD / 0, then ACST4 = 0.000010

Print out variables.

138. PRINT C2A, M2A, C3A, M3A, THT12

Locate the j-streamline.

139. CALL SOTE2B(FSTZP4,-3,+3, ACST4, ETAJ3,+I,$143)

140. GO TO 144

The flow is planar. Locate the j-streamline.

141. CALL SOTE (F2D,-3,+3,ACST4, ETAJ3,$143)

142. GO TO 144

No solution was found for the j-streamline.

143. RETURN 2

Calculate the velocity ratio on the j-streamline, and print out

the location and velocity ratio of this streamline.

144. PHIJ3 = (0.5)(1 + EP_(ETAJ3))

145. PRINT ETAJ3, PHIJ3

Determine non-isoenergetic mixing effects.

146. TRFJ3 = PHIJ3 +(TRB) (I-PHIJ3)

Calculate the Crocco number along the d-stre_mline.

147. C5 = (PHIJ3) (C3A)/SQRT(T_J3)

Calculate the streamline angle at recompression for a conetail

mixing solution.

148. If IBOUND = I, then THET3A = THETI2 - T2

(Equation 16)
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Calculate the flow field for a constant pressure mixing solution.

149. If IBOUND= 2, and LSHK = 0, CALL FLOW(I,NEPS,$)

150. If IBOUND = 2, and LSHK = I, CALL I.IPSHK(I,NEPS,$)

Determine the streamline angle at recompression for a constant

pressure mixing solution.

151. If IBOUND = 2, then THET3A = -SOL3A

Calculate the shock wave angle at recompression.

152. C_/LL SHOCK

Calculate the static pressure rise across this oblique recompression
shock.

153. P4P3 = ((G) (M3AS) (SIN(W))2 _ GI)/G2

Include the effects of a recompression coefficient.

154. PNASH = (NASHF)(P4P3) + (I-NASHF)(P2P3)

Calculate the Crocco nulmber on the d-streamline from the pressure

rise Jnfo__nation. (Equation 9)

155. C6 = SQRT(I -I/PNASH G3)

See whether base bleed is present.

156. If MBLD = 0, then GO rid 188

Base bleed (and/or boundary layer) is present. Redefine the Crocco

number on the d-streamline and its square.

157. C3D = C6

158. C3DS = C3D 2

Calculate the first estimate of the velocity ratio on this stre6umline.

159. PHID3 = C3D/C3A

The velocity ratio on the d-streamline will vary for non-isoenergetic

mixing. _m iteration scheme is used.

160. DO 162 IP = 1,50

Calculate base heating (or cooling) effects, and modify the velocity

ratio. (Equation ]6)
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161. TgFD3: PHID3+ (TRB)(/-PHID3)

162. PHID3= C3D/((C3A)(SQ?.T(TRFD3))

Locate the d-streaml!ine.

163. CALLLh_ARI

Print out variables.

164. PRINTC3D,PHIJ3,ETAJ3,PHID3 ,ETAD3

See if the flow is axisymmetric or planar.

165. If NEPS = 0, then C_9 TO 180

The flow is axisy_etric. Evaluate the J] and Ii integrals up

to the j-- _md d- streamlines. (Equations 12-15)

166. VJIJ = JI(-3,ETAJ3)

167. VilJ = II(-3,ETAJ3)

168. VIID : Ii( 3,ETAD3

169. VJID = JI(-3,ETAD3)

Print out the values of the integrals and the value of B.

170. PRINT VJ!J, VIiJ, VIID, VJID, B

Calculate the integral terms in the base bleed equation.

171. DLINTL = (VJID-VJID] - (B) (VIID-VI!J)

Calculate the trigonemetric terms in the base bleed equation.

172. RTRIG = I/((TAN(THET3A)) (SIN(THET3A)))

Calculate the one-dimensional area ratio.

173. __AST3A = (G2 G5) (M3A) (I + (GI) (M3AS)) -G5

174. AAST3A = !/P_AST3A

Calculate an auxil]ary expression. (Equation 18)

175. KPA --- (8) ((2/(G+I)) G5) (I-C3AS)/((AAST3A) (SQRT(RGG)))

Print out results.
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176. PRINTDLINTL, RTRIG,AAST3A,KPA

Calculate the non-dimensional bleed number. (Equation 20)

177. HTEST= (SQRT(RGG))(KPA)(RTRIG)(I-RSRB)2(DLINTL)/((4) (S3A2))

Determine the ratio of the two non-dimensional bleed numbers.

178. FBASE6= H/HTEST

Print out the results.

179. PRINT FBASE6, H, HTEST

Return to calling program.

f

180. RETURN

The flow is planar. Evaluate the II integral to the j- and d-

streamlines.

181. VIIJ = I](-3,ETAJ3)

182. viim = II(-3,ET_<D3)

Evaluate tn_ integral te_l in the base bleed equation.

183. DLINTL = VIID - VIIJ

Modify the definition of the non-dimensional bleed n_uber.

184. H = (H) (SQRT((GC) (G-l)/2))

Calculate the non-dimensional bleed number from the mixing solution.

185. HTEST = (C3A) (I-C3As)G4(DLINTL)/((S3A) (SIN(THET3A)))

Evaluate the ratio of these bleed numbers and print out the results,

and then return to the calling program. (Equation 21)

186. FBASE6 = H/HTEST

187. PRINT FBASE6,H,HTEST

188. RETUP_]

No base bleed is present. The function is evaluated and is printed

out. A return is then made to the calling program.

189. FBASE6 = C5-C6
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190. PRINTFBASE6,C5, C6

191. RETURN

The detachment angle has been exceeded for the recompression shock.
An attempt is madeto rectify this situation. Calculate the static

pressure ratio.

192. PIP3 = P2P3/PBPI

Redefine the pressure rise across the oblique shock and calculate

the corresponding Crocco number on the d-streamline at recompression.

193. PNASH = (NASHF)(PIP3) * (I-NASHF)(P2P3)

194. C6 = SQRT(I - I/PNASH G3)

Repeat calculations.

195. GO TO 188

An error has developed in sLforoutine FLOW or LIPSHK, or PBPI < 0.

196. RETURN 2
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XX. SUBROUTII/ESHOCK

Subroutine SHOCKprovides a closed-form solution to the shock wave
cubic equation for _n ideal gas. This subroutine returns the shock wave

angle in radians given the initial Mach nu_er and streamline angle in

radians. If the detachment turn angle is exceeded, the value returned

is the detachment turn angle.

C05_40N BLOCKS

No CO, ION blocks are used.

TPNZZL SUBROUTINES

Function subprogram and subroutines FBASE6, LIPSHK, and SSHAPE

call SHOCK

SHOCK does not call any subroutines or functions.

FORTRAN SYSTEM ROUTINES

Bui!t-in FORTRAN functions ACOS, ATAN, COS, SQRT, and TAN are
used.

CALLING SEQUENCE

The calling sequence is:

CALL SHOCK (MI,DE,G,N,W,$)

M1 is the upstream Mach number.

DE change in streamline angle across the shock.

G is the ratio of specific heats.

N = /4 for a weak shock solution

h0 for a strong shock solution

W is the shock wave angle measured frora the upstream streamline

angle.
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A

B

C

D

DD

DM

G]

G2

MIS

P

PHI

PHIARG

P3

TD

X

Y

- term in shock wave c_bic equation solution

- term in shock wave cubic equation solution

- term in shock wave cubic equation solution

- the cotangent of the change in streamline ang],e through the shock

- detachment turn angle (radians)

-- Mach number equation

- term involving the ratio of specific heats

- term involving the ratio of specific heats

- square of the upstream Mach number

- telna in shock wave cubic equahion solution

- angle in shock wave cubic equation solution (radians)

- cosine of PHI

- a constant (=7/3)

- tangent of the change in streamline angle through the shock

- square of the cotangent of the detachment turn angle

- term used in calculating the shock wave angle
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SOLUTION_[ETHOD

Check for error conditions.

I. If M1 < i, then GO TO 25

Define two ratios of G

2. G1 = (S - i)/2

3. G2 = (G + 1)/2

Determine the cotangent of the streamline angle do_.rnstream of the
shock.

4. TD = TAN(DE)

5. D = I/TD

Define some addition auxi!iaz_ 7 terms.

6. MIS = M12

7. DM = MIS - 1

Print out possible error conditions.

8. If D < 10 -6 , or DM < 10 -6 , then PRINT DM,DE

Define the coefficients.

9. A-- 1 + (GI)(MIS)

i0. B = -(DM) (D)

ii. C = 1 - (G2) (M!S)

12. P = (0.25/DM 3) ((18) (A) (C) (DM) + (27) (A 2) - (DM 2) (C2))

Calculate the detachment turn angle.

13. X = P/2 + SQRT((0.25)(p2) + (A)(C/DM) 3)

]4. DD = ATAN (i/SQRT(X))

See if the given angle has exceeded the detachment turn angle.

15. If DE > DD, then GO TO 22

Calculate the shock wave angle, W.
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16. PHIARG= ((9) (A) (B) (C) - (27) (A2) (D) - (2) (B3))/
((2) (S2 - (3) (A) (C))3/?)

17. PHI = ACOS(PHIARG)/3

18. P3 = 1.04719755

19. Y = (2) (SQRT((B2 - (3) (A) (C)) (_OoC_(PHI + (N)(P3)) - B

20. W= ATAN(Y/((3) (A))

21. RETUPoN

The detachment turn angle has been exceeded.

22. W = DD

23. PRINT14

24. RETURN6

The initial Machnumber is less than unity.

25. PRINT15

26. RETURN6
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XXI. SUBROUTINE OSHOCK

Subroutine OSHOCK calculates the flow properties across an

oblique shock wave. It returns the downstream Mach n_ber, the

static and total pressure ratios across the shock, the static

temperature and density ratios across the shock, and the change

in entropy across the shock.

COMMON BI/3CKS

No COYuMON blocks are used.

TPNZZL SUBROUTINES

Function subprogram and subroutines FBASE6, LIPSHK, and

SSHAPE call OSHOCK.

OSHOCK does not call or use any subroutines or fu_ction sub-

programs.

FORTPJLM SYSTEM ROUTINES

Built-in FORTPe_N functions ALOG, SIN and SQRT are used.

CALLING SEQUENCE

The calling sequence is:

CALL OSHOCK (MX,W, DELTA,G,MY,PYPX,POYPOX,TYTX,RYRX,DSR)

MX is the upstream Mach number.

W is the shock wave angle.

" DELTA is the change in stre_nline an_le across the shock.

G is the ratio of specific heats.

MY is the downstream Mach number.
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NOTE: In all of dqe following ratios, the downstreamvalue is
aivided by the upstream value.

PYPXis the static pressure ratio.

POYPOXis the stagnation pressure ratio.

TYTXis the static temperature ratio.

RYRXis the density ratio

DSRis the change in entropy across the shock divided by
the gas constant.
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G1

G2

MN2

Z

- term _nvolving the ratio of specific heats

- term involving the ratio of specific heats

- square of the Machnumbernormal to the shock surface

- static pressure ratio across the shock
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SOLUTION_gETHOD

Caicu]ate the normal componentof the Machnumberdownstream
of the shock.

2
i. _N2 = ((SLX) (SIN(W)))

Calculate the static pressure ratio across the shock.

2. PYPX = ((2) (G) (MN2) - (G-I))/G + i)

Redefine the static pressure ratio.

3. Z = PYPX

Calculate the density ratio.

4. RYRX = ((S + ])(Z) + (S + l))/((S -i)(Z) (G + I)

Determine the temperature ratio.

5. TYTX = Z/RYRX

Calculate the downstream Mach number.

6. MY = (SQ.RT(((G-I) (Z) + (G+I))/[(2) (G) (Z))))/SIN(W - DELTA)

Define two ratios of G.

7. Gl = G/(G-I)

8. 02 = i/(G-1)

Calculate the total pressure ratio across the shock.

9. POYPOX = (RY}LX GI) / (Z G2)

Calculate the entropy change across the shock.

i0. DSR = ALOG (I/POYPOX)

Check for possible error condition and rectify.

ii. If MY > MX, and DSR > 0, then MY = (0.998)(MX)

12. RETURN
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XXII. FUI_TIONTAB

Subprogr_n TABevaluates a single function for a given argument
by interpolation between tabulated values. The maximumtable size is
16384 entries, and the maximumdegree of the interpolating polynomial
is i0. Table search is by a binary method. For second order interpola-
tion or higher, the interpolation is done by meansof Lagrange poly-
nomials.

CO_ONBLOCKS

No COMMONblocks are used.

TPNZZLSUBROUTINES

Subroutines and ftmctions FBASE6,LIPSHK, SETUP,SSHAPE,STRLNE,
SURFP,and TPNZZLuse TAB.

TABdoes not call or use any subroutines or function subprograms.

FORTRAN SYSTEM ROUTINES

No built-in functions are used.

CALLING SEQUENCE

The calling sequence is:

Y = TAB(X,XT,YT,N,NORD)

X is the point on the ordinate at which the function is to be de-

termined.

XT is an array of ordinate points.

YT is the corresponding array of abscissa points

N is the number of points in the arrays.

NOFO is the order of interpolation desired (i <NORD < i0)
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DI

DIL

DIU

GT

I

IL

IU

I2

J

L

LT

P

- region in which a solution is to be found

- number of lower points to be used

- numberof upper points to be used

- "greater than" (used for output statement)

- subscript

- lower numberof points

- upper number of points

- regions of stored points

- subscript

- subscript

- "less than" (used for output statement)

- LaGrangecoefficient
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SOLUTIONMETHOD

I0.

II.

12. J = J - 1

Check for possible errors.

13. If J = 0, then GOTO21

14. If I < N, _en GOTO 17

Determine the I increment.

15. DI = -I2(J)

Restart cycle.

16. GO TO Ii

Check for error conditions

i. If NORD > i0, then GO TO 53

2. If N > 12(15), then GO TO 27

3. If X < XT(1), then GO TO 29

4. If X > XT(N), then GO TO 31

Set increment.

5. DI = 0

Begin a binary search of the table argument.

6. DO 8 J = 1,14

7. If I2 (J+l) > N, then GO TO !0

8. CONTINUE

Solution was not four, d; too many points.

9. C_ TO 27

Set the subscripts

I = I2 (J)

I = I + DI
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Set final increment of I.

17. DI = I2 (J)

18. If XT(I) > X, then DI = -DI

Makesure a solution does not occur exactly on a point.

19. If XT(I) _ X, then GOTO Ii

20. If XT(I) = X, then GO TO 25

Check lower value of I

21. If XT(I) < X, then I = I + 1

Check order of interpolation.

22. If NORD > I, then GO TO 33

A linear interpolation is indicated.

23. TAB = YT(1) - (YT(i) - YT(I-I))(XT(I) - X)/(XT(I) - XT(I-I))

Return te calling program.

24. RETURN

The solution falls exactly on a tabulated point.

25. TAB = YT(i)

26. RETURN

There are too many entries in the table.

27. PRINT N,12 (15)

Terminate program.

28. RETURN 0

The argument is below .the table limit; return the lowest value

in the table.

29. TAB = YT(1)

30. RETURN

The argument Js above the table limit; return the highest value

in the table.
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31. TAB= YT (N)

32. RETURN

This next section deals with an order 2 through I0 interpolation.

First determine NORD + 1 points to be used which are centered

on X. An adjustment is made if X is near the end of the table.

First, set the upper and lower range of the subscript, I.

33. DIL = (NOPJ) + 1)/2

34. DIU = NORD - DIL

Check for conflicts.

35. If I < DIL, then I = DIL + 1

36. If I + DIU > N, then I = N - DIU

Set upper and lower point subscripts.

37. IL = I - DIL

38. IU = I + DIU

Calculate the Lagrange coefficients, P(L)

39. L= 0

40. DO 46 I = II,, IU

Increment L

41. I,= L + 1

42. P (L) = 1

43. DO 46 J = IL, IU

44. If i = J, then GO TO 46

Calculate coefficients.

45. P(L) = (P(L)) (X-XT(J)}/(XT(I) - XT(J))

46. CONTINUE

Now evaluate the Lagrange polynomial at X.

First, set the subscript and function to zero.
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47. L= 0

48. TAB= 0

49. DO51 I = IL,IU

50. L=L + 1

51. TAB= TAB+ (P(L)) (YT(I))

Return to calling program.

52. RETURN

The order of interpolation is too great.

53. PRINTNORD

Terminate progr?_

54. RETURN0
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XXIII . FT/NCTIO_[SIMR

Function subprogram SIMRperforms a Simpson's Rule integration of
a function between specified li_its. The nuF_er of increments must

be even.

COMMON BLOCKS

No C0½MON blocks are used.

TPNZZL SUBROUTINES

The following subroutine and function subprograms use SIMR_ BLAYER,

il, 12, Jl, and J2.

SIMR does not call any subroutines or function subprograms.

FORTRAN SYSTEM ROUTINES

No built-in FO_RAN functions ale used.

CALLING SEQUENCE

The calling sequence is:

A = SIMR(FCN,X],XN,N)

FCN is the function to be integrated.

Xl is the lower limit of integration.

XN is the upper limit of integration.

N is the number of increments (N must be even).
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DX

I

SEV

SOD

X

- incremental spacing in the region

- a counter indicating the numberof separate calculations

- sumof the even terms

- sumof the odd terms

- argument for the function
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SOLUTIONMETHOD

The terms SEVea_dSODare the sumsof the even and odd terms respec-

tively. Set these initially to zero.

i. SEV = 0

2. SOD = 0

Determine the increment used in the integration

3. DX = (XN-XI)/N

Begin calculating the odd or even terms at each increment.

4. DO 8 I = 2, N, 2

Locate the point.

5. x = xl + (Z)(DX)

Determine the sum of the odd terms.

6. SOD = SOD + FCN(X)

Reset X for an even term and then evaluate the sum of the even

terms.

7. X= X- DX

8. SEV = SEV + FCN(X)

Reset sums of odd or even terms.

9. SOD = (2) (SOD)

i0. SEV = (4) (SEV)

Evaluate the integration.

ii. SIMR = (FCN(XI) + SOD + SEV - FCN(XN))(DX/3)

Return to calling program.

12. RETUP_N
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XXIV. FUNCTIONPS_NGL
¢

Function subprogram P_LANGL evaluates the Prandtl-_.leyer (P-M) turn

angle when given the Mach number and ratio of specific heats.

COMMON BLOCKS

NO COMMON blocks are used.

TPNZZL SUBROUTINES

The following programs use P}_NGL:

SSHAPE, STRLNE, and TPNZZL.

PMANGL does not call any programs.

FBASE6, FLOW, LIPSHK, MAIN,

FORTRAN SYSTEM ROUTINES

Built-in FORTRAN functions ATAN and SQRT are used.

C_J_LING SEQUENCE

The calling sequence is:

NU = PStANGL(M,G)

M is the Mach number.

G is the ratio of specific heats.
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A

BETA

- te__r_involving the ratio of specific heats

- term involving the Machn_mber
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SOLUTIONMETHOD

Evaluate a ratio G.

I. A-- SQRT((G-I)/(G+I))

Determine a Machnumberexpression.

2. BETA= SQRT(M2 - i)

Calculate the Prandtl-Meyer angle in radians and return to calling
program.

3. PMANGL= ATAN((A) (BETA))/A - ATAN(BETA)

4. RETURN

XXIV._3 •



XXV. FUNCTIONSIGMA



XXV. FUNCTIONSIGMA

Function s[_program SIGMAevaluates the jet spread parameter which
is required in a base pressure solution. For axisy_metric configurations,
the jet spread parameter developed by Channapragadais used, whereas
for planar geometries, Korst's value of the jet spread parameter is
employed;

COM}!ONBLOCKS

No COMMONblocks are used.

TPNZZLSUBROUTINES

Function subprogram FBASE6calls SIGMA

SIGS_does not call any programs.

FORTPANSYSTEMROUTINES

No built-in FORTPJ_Nfunctions are used.

CALLINGSEQUENCE

The calling sequence is:

S3A = SIG_(M,G,TR,NEPS)

M is the Mach number at recompression.

G is the ratio of specific heats.

TR is _e temperature ratio, Tol/T b.

NEPS = _i for axisyrm_etrie flow

L0 for planar flow
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CS

R

SR

- square of the Crocco number just upstre_ of recompression

- empirical compressible divergence factor

- multiplication factor
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SOLUTION METHOD

See if the flow is axisymmetric or planar.

i. If NEPS = 0, then GO TO i0

The flow is axisymmetric. Evaluate the square of the Crocco number.

2. CS = M2/(2/(G-I) + M 2)

Two matching solutions are used depending on the value of CS.

3. If CS < 0.70, then GO TO 6

The Compressible divergence factor is defined.

4. R= 0.25

Continue calculations.

5. GO TO 7

Set the compressible divergence factor.

6. R = 0.5 - (0.715) (CS) + (0.4945) (CS 1"9)

Calculate the ratio of jet spread parameter to its incompressible

value. (Equation 7)

7. SR = I/((R) (i + (TR) (I - CS)))

Calculate the actual value of the jet spread parameter and return.

8. SIG_LA = (SR) (12)

9. RETURNS

The flo_,7 is planar.

(Equation 24)

I0.

II. RETURN

Calculate the jet spread parameter directly.

SIG_,LA = 12.0 + (2.758) _I)
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XXVI. FUNCTIONRSBF

Function subprogram RSBFdetermines the wake radius to base
radius ratio at which recompression is asslnnedto occur. This is an
analytic curve fitted to the data of Chapman.

COMMONBLOCKS

No CO_40Nblocks are used.

TPNZZLSUBROUTINES

FUnction subprogram FBASE6uses RSBF.

RSBFdoes not use any other programs.

FORTRANSYSTEMROUTINES

No built-in FORTRANf_ctions are used.

CALLINGSEQUENCE

The calling sequence is:

RSRB= RSBF(MI,G)

M1 is Machnua_er before separation.

G is the ratio of specific heats.
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SOLUTION5_THOD

Evaluate function and return.

i. RSBF= 0.302 ÷ 0.462/MI

2. RETURN
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XXVlI. FUNCTIONE_=

Function subprogram ERFevaluates the error function for a given
argument.

COMMONBLOCKS

No COMMONblocks are used.

TPNZZLSUBROUTINES

ERFis used by function subprograms:
and FBASE6_

AII, AI2, AJI, AJ2, ERFD3,

FORTRANSYSTEMROUTINES

No built-in FORTRANfunctions are used.

CALLING SEQUENCE

The calling sequence is:

Y = ERF (X)

X is the argument for which the error function will be evaluated.
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A1

A2

A3

A4

A5

DENOM

Y

- coefficient of polynomial

- coefficient of polynomial

- coefficient of polynomial

- coefficient of polynomial

- coefficient of polynomial

- denominator of the equation

- absolute value of the argument
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SOLUTIONMETHOD

Redefine the argument.

i. Y = ABS(X)

Specify coefficients.

2. A1 = 0.14112821

3. A2 = 0.08864027

4. A3 = 0.02743349

5. A4 = -0.00039446

6. A5 = 0.00328975

Calculate the term in the denominator.

7. DENOM = (i + (al)(Y) + (A2)(y2) + (A3)(y3) + (A4)(y4) +

(AS) (y5))8

Evaluate the error function.

8. ERV = 1 - I/DENOM

The error function is an odd function. "

9. If X < 0, then ERF = -ERF

Return to calling program.

10. RETURN
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XXVIII. FUNCTIONFSTEP4

Function subprogram FSTEP4performs calculations required in the
base pressure solution. This f_ction is used as an argument in the
subroutine SOTE2Band is used to converge on the j-streamline.

COMMONBLOCKS

C05_ONblocks BBLK, CSBLK,and F4BLKare used.

TPNZZLSUBROUTINES

FBASE6uses FSTEP4

FSTEP4uses function subprograms Ii and J2.

FORTRANSYSTEMROUTINES

Built-in FORTP_ANfunction SQRTis used.

CALLINGSEQUENCE

The calling sequence is:

Y = FSTEP4(ETAJ)

ETAJ is the non-dimensional location of the j-streamline.

r
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B - result of Equation 2

CI2 - value of the 12 integral (Equation 13)

CJ2 - value of the J2 integral (Equation 15)

CR - ratio of the Crocco numberat recompression to that immediately
do_mstreamof separation

CS - square of the Crocco number just upstream of recompression

EGP - geometric parameter (left hand side of Equation I)

ETAM3D- non-dimensional coordinate shift between the viscous and in-

viscid coordinate systems at recompression

FP

GP

VII

VJI

- pressure function

- geometric parameter (right hand side of Equation i)

- value of the I 1 integral l_Equation 12)

- value of the Jl integral (Equation 14)
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SOL[_TIONMETHOD_

Calculate the Jl and Ii integrals.

I. VJI = JI(ETAJ,+3)

2. VII = II(ETAJ,+3)

Determine the value of B (Equation 2)

3. B = ((CR)(CJ2) - VJI)/((CR)(CI2) - VII + FP)

Calculate the geometric parameter. (Equation I)

4. EGP = (B-3) 2 + (2) (B) (I-CS) (VJI) - (2) (I-CS) (VJI)

Dete_nine the difference between the geometric parameter calculated

above and that obtained from the geometry of the near wake. The

solution for ETAJ is obtained when these two values agree.

5. FSTEP4 - EGP - GP

Locate the d-streaml_ne. (Equation II-29)

6. ET/_I = B + SQRT(GP)

7. RETURN
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XXIX. FUNCTIONJ2

Function subprogram J2 evaluates the J2 integral used in the base
pressure solution.

COMMONBLOCKS

No COMMONblocks are used.

TPNZZLSUBROUTINES

J2 is used by f_ction subprogram FBASE6.

J2 uses function subprograms AJ2 and SIMR

FORTRANSYSTEMROUTINES

No built-in FORTRANfunctions are used.

CALLINGSEQUENCE

The calling sequence is:

VJ2 = J2(ETAJ, + 3)

ETAJ is the non-dimensional location of the j-streamline
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SOLUTIONMETHOD

Determine the J2 integral.

i. J2 = SIMR(AJ2, ETA1, ETA2_30)

2. RETURN
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XXX. FUNCTIONJl

Function subprogram Jl evaluates the Jl integral used in the base
pressure solution.

COMMONBLOCKS

No CO_40Nblocks are used°

TPNZZLSUBROUTINES

Function subprograms FBASE6and FSTEP4use J1

Jl uses function s_programs AJI and SIMR

FORTRANSYSTEMROUTINES

No built-in FORTRANfunctions are used.

CALLING SEQT/ENCE

The calling sequence is:

VJI = JI[ETAJ, +3]

ETAJ is the non-dimensional location of the j-streamline.

• -
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SOLUTIONMETHOD

Evaluate Jl integral and return.

i. Jl = SIMR(AJI, ETA1, ETA2,30)

2. RETURN
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XXXI. FUNCTIONI2

Function subprogram I2 evaluates the I2 integral used in the base
pressure solution.

COMMONBLOCKS

No CO_ONblocks are used.

TPNZZLSUBROUTINES

Function I2 is used by function subprograms:

I2 uses function subprograms AI2 and SIMR

FBASE6and F2D.

FORTRANSYSTEMROUTINES

No built-in FORTRANfunctions are used.

CALLINGSEQUENCE

The calling sequence is:

VI2 = I2(ETAI, ETA2)

ETA1 is the lower limit of the non-dimensional streamline location.

ETA2 is the upper limit of the non-dimensional streamline location.
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SOLUTIONMETHOD

Evaluate I2 integral and return to calling program.

I. I2 = SIMR(AI2, ETA1, ETA2,30)

2. RETURN

XXXI-2



XXXII. FUNCTIONIi



XXXII. FUNCTIONIi

Function subprogram Ii evaluates the II integral which is used in
the base pressure solution.

COMMONBLOCKS

No COMMONblocks are used.

TPNZZLSUBROUTINES

II is used by the function subprogr_ns FBASE6,FSTEP4,and F2D.

Ii uses function subprograms AII and SIMR.

FORTRANSYSTEMROUTINES

No built-in FORTRANfunctiolrs are used.

CALLINGSEQUENCE

The calling sequence is:

Vll= II(ETAI, ETA2)

ETA1is the lower limit of the non-dimensional streamline location.

ETA2is the upper limit of the non-dimensional streamline location.
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SOLUTIONMETHOD

Evaluate the Ii integral and return to the calling program.

i. II = SIMR(AII, ETA1, ETA2,30)

2. RETURN
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XXXIII. FUNCTIONAJ2

Function subprogram AJ2 evaluates the integrand of the J2 integral

at each point in the integration.

CO_MON BLOCKS

CO_40N blocks CSBLK and TRBBLK are used.

TPNZZL SUBROUTINES

Function subprogram SIMR uses AJ2

AJ2 uses function subprogram ERF

FORTRAN SYSTEM ROUTINES

No built-in FORTRAN functions are used.

CALLING SEQUENCE

The calling sequence is:

Y = AJ2(X)

X is the non-dimensional location of a streamline

XXXilI-I



A

AS

CS

TRB

TRF

- velocity ratio along a stre_._line

- square of the velocity ratio along a streamline

- square of the Crocce n[m_berat recompression

- base temperature ratio, Th/Tol

- portion of the demoninators of Equations 12-15
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SOLUTIONMETHOD

Evaluate the velocity ratio.

I. A = (0.5)(I + ERF(X)).

Calculate base heating effects, and square velocity ratio.

2. TRF = A + (TRB)(l-A)

3. AS = A 2

Evaluate the integrand at X and return to calling program.

(Equation 15)

4. AJ2 = (AS) (X)/(TRF-(CS) (AS)).

•5. RETURN
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XXXIV. FUNCTIONAJI

Function subprogram AJI evaluates the integrand of the Jl integral
at each point in the integration.

COMMONBLOCKS

COMMONblocks CSBLKand TRBBLKare used.

TPNZZLSUBROUTINES

Function subprogram SIMRuses AJI.

AJI uses function subprogramERF.

FORTRANSYSTEMROUTINES

NObuilt-in FORTRANfunctions are used.

CALLINGSEQUENCE

The calling sequence is:

Y = AJI(X)

X is the non-dimensional location of a streamline.
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A

CS

TRB

TRF

- velocity ratio along a streamline

- square of the Crocco numberat recompression

-- base temperature ratio, Tb/Tol

- portion of the denominators of Equations 12 - 15
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SOLUTION_[ETHOD

Evaluate the velocity ratio.

i. A = (0.50)(i + ERF(X))

Detezluine base heating effects, and square the velocity ratio.

2. TRF = A + (TRB)(l-A)

3. AS = A 2

Evaluate the integrand at X and return to the callinq program.

(Equation 14)

4. AJI = (A) (X)/(TRF - (CS) (a 2))

5. RETURN
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XXXV. FUNCTIONAI2

Function subprogram AI2 evaluates _le integrand of I2 integral
at each point in the integration.

COMMONBLOCKS

COM@[ONblocks CSBLKand TRBBLKare used.

TPNZZLSUBROUTIN_ES

Function s_oprogram SIMRuses AI2

AI2 uses function subprogram ERF

FORTP_NSYSTEMROUTINES

No built-in FORTRANfunctions are used.

CALI,INGSEQUENCE

The calling sequence is:

Y = AI2(X)

X is the non-dimensional location of a streamline
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A

AS

CS

TRB

TRF

- velocity ratio along a streamline

- square of the velocity ratio along a streamline

- square of the Crocco number at recompression

- base temperature ratio, Tb/Tol

- portion of the denominators of Equations 12 - 15
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SOLUTION_THOD

Evaluate the velocity ratio.

i. a = (0.50) (i + ERF(X))

Determine base heating effects, and square the velocity ratio.

2. TRF = A + (TRB)(l-A)

3. AS = A2

Evaluate the integrand at X and return to the calling program.
(Equation 13)

4. AI2 = AS/(TRF - (CS)(AS))

5. RETURN
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XXXVI." FUNCTIONAII

Function subprogram AII evaluates the integrand of the II integral
at each point in the integration.

COMMONBLOCKS

COI{_ONblocks CSBLKand TP_BLKareused.

TPNZZLSUBROUTINES

Function s,mbprogr_u_SIMRuses AII.

AII uses function st_bprogramERF.

FORTRANSYSTEMROUTINES

Nobuilt-in FORTRANfunctions are used.

CALLINGSEQUENCE

_:necalling sequence is:

Y = AII (X)

X is the non-dimensional location of a streamline.
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A

CS

TRB

TRF

- velocity ratio along a stre_l_ne

- square of the Crocco number at recompression

•- base temperature ratio, Tb/Tol

- portion of the denominators of Equations 12 - 15

XXXVI-2



SOLUTIONMETHOD

Evaluate the velocity ratio.

I. A = (0.50) (i + ERF(X))

Determine base heating effects.

2. TRF = A + (TRB)(l-A)

Evaluate the integrand at X and return to the calling program.
(Equation 12)

3. AII= A/(TKF - (CS)(A2))

4. RETURN
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XXXVII. FUNCTIONERFD3

Function subprogram E_FD3is used in conjunction with the subroutine
SOTEto locate the d-streamline when given an error function velocity
profile.

COMMONBLOCKS

COMMONblock D3BLKis used.

TPNZZLSUBROUTINES

ERFD3is used by the subroutine LNEARI

ERFD3uses the function subprogram ERF

FORTRANSYSTEMROUTINES

No built-in FORTRANfunctions are used.

CALLINGSEQUENCE

The calling sequence is:

Y = ERFD3(ETAD3)

ETAD3 is the non-dimensional location of the d-streamline.
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PHI - calculated velocity ratio on the d-streamline

PHID3 - given velocity ratio on the d-streamline
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SO_JTIONMETHOD

Calculate the velocity profile.

I. PHI = (0.50) (1 + ERF(ETAD3))

Obtain the difference between the velocity profile calculated above
and that obtained in another program.

2. ERFD3= PHI - PHID3

Return to calling program.

3. RETURN
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XXXVIII. FUNCTICNF2D

Function subprogram F2D is used to evaluate the difference between
Ii and I2 integrals in the planar base pressure solution.

C05940NBLOCKS

No COMMONblocks are used.

TPNZZLSUBROUTINES

Subroutine SOTEcalls F2D

F2D uses function subprograms Ii and I2.

FORTRAN SYSTEM ROUTINES

No built-in FORTRAN functions are used.

CALLING SEQ_NCE

The calling sequence is:

Y = F2D(ETAJ)

ETAJ is the non-dimensional location of the J-streamline
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VII

VI2

- value of the I 1 integral (Equation 12)

- value of the 12 integral (Equation 13)
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SOLUTIONMETHOD

Evaluate the Ii and I2 integrals.

i. VIl= II(ETAJ, + 3)

2. VI2 = I2(-3,+3)

Subtract results of integrals. A solution is obtained whenVIl=
VI2.

3. F2D = VII - VI2

Return to calling program.

4. RETURN

XXXVIII-3



XXXIX. FUNCTIONFMACH



XXXIX. FUNCTIONF_'_CH

Function subprogram_4ACHevaluates the coefficient of the mass

flow function which is used to determine the amount of equivalent bleed

due to the boundary layer.

COMMON BLOCKS

The CO_ON block GAS is used.

TPNZZL SUBROUTINES

The subroutine BLAYER uses FMACH.

FMACH does not use any other programs.

FORTRAN SYSTEM ROUTINES

The built-in FORTRAN function SQRT is used.

CALLING SEQUENCE

The calling sequence is:

FMCH = FM_ACH (M)

M is the Mach number
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C].

G

GC

POI

RG

TO1

- part of the numerator of_the mass flow equation

- ratio of specific heats

- gravitational constant (ft-lbm/Ibf-sec 2)

- chamberstagnation pressure (Ib/in 2)

- gas constant (ft-lbf/ibm-°R)

- chamber stagnation temperature (OR)
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SOLUTION5LETHOD

Define the gravitational constant.

I. GC= 32.174

Makeand auxilliary calculation.

2. Cl = 1.0 + ((G-I)/2)_M2).

Evaluate the function and return to the calling program.

3. FMACH= (M)(SQRT((G)(GC)(CI)/RG))

4. RETURN
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XL. FUT_CTIONPRFLE

Function subprogram PRFLEevaluates the integrand at'each point
of the integral used to determine the momentumthickness of the boundary
layer.

COMMONBriCKS

The COMMONblock BLBKis used.

TPNZZLSUBROUTINES

The function s[_program SIMRuses PRFLE.

PRFLEdoes not use any other programs.

FORTRANSYSTEMROUTINES

No built-in FORTRANfunctions are used.

CALLING SEQUENCE

The calling sequence is:

X = P_PLE(Y)

Y is the height in the boundary layer (inches)
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C2AS - square of the Crocco number just after separation

DELTAI - boundary layer thickness (inches)

DEN - denominator of the profile equation

DL2ST - boundary layer momentum thickness (inches)

EX

GDBL

LAM

N

NUM

VEL

VEL2

YOD

- boundary layer profile exponent

- equivalent mass bleed due to the boundary layer (ibm/sec)

- plug temperature ratio, Tp/Tol

- denominator of the velocity profile exponent

- numerator of the profile equation

- velocity ratio along a streamline in the boundary layer

- square of the velocity ratio along a streamline

- non-dimensional height in the boundary layer
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SOLUTIONMETHOD

Locate the height in the boundary layer.

I. YOD= Y/DELTAI

Evaluate the velocity ratio and its square.

2. VEL = YOD EX

3. VEL2 = YOD(2) (EX)

Calculate the n_merator and denominator of the integrand.

4. NUM = (VEL) (i - VEL)

5. DEN = VEL + (LAM)(I-VEL) - (C2AS)(VEL2)

Evaluate the integrand, and return.

6. PP3LE = (I - C2AS) (NUM/DEN)

7. RETURN

(Equation 23)
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XLI. SUBROUTINESEARCH

Subroutine SEARCHsearches through the characteristics matrix
to locate a point within the matrix and then returns the characteristic
points which surround this knownpoint. The solution involves comparing
the y-intercepts of the characteristics with the y-intercept of the
point at the sameangle as the characteristic wave. Referring to
Fig. XLI-I below, an example of the calculation procedure is sho_cn.

io

2.

3°

The y-intercept of the characteristic from point #I to point #2,

b12 _s determined. The y-_ntercept of the given point, bpl2, is

also calculated using the same slope as the characteristic. If

bpl 2 < b12, a solution is possible.

The y-intercept of the characteristic from point #2 to point #3,

b23, is deter_lined. The y-intercept of the given point, bP23,
is also calculated using the same slope as that characteristic.

If bP23 > b23 , a solution is possible.

The y-intercept of the characteristic from point #3 to point #4

is calculated, b34. The y-intercept of the given point bP34, is

also calculated using the same slope as that characteristic. If
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bp34 > b34, a solution is possible.

, The y-intercept of the characteristic from point #4 to point #i,

b41, is determined. The y-intercept of the given point, bP41,

is also calculated using the smme slope as the characteristic.

If bp41 < b41, then a solution has been obtained.

Note that all of the conditions described in steps 1-4 must be

met for a solution. The case shown here is one in which the charac-

teristic points are in their "ideal" position. This program, however,

treats not only this situation, but other orientations of the charac-

teristic points. Each orientation must be considered separately.

Diagrams are included.

COMMON BLOCKS

COMMON blocks PARTLM, PLCBLK, and SIZE are used.

FORTRAN SYSTEM ROUTINES

The built-in function MOD is used.

CNLLING SEQUENCE

The calling sequence is:

CALL SEARCH (XI,RI,NUI,TI,X2,R2,NU2,T2,X3,R3,NU3,T3,X4,R4,NU4,

T4,XS,RS,AI,A2,A3,A4,NDF,$,IEND)

XI is the non-dimensional axial coordinate at point #I.

R1 is the non-dimensional radial coordinate at point #I.

NUI is the Prandtl-Meyer angle (radians) at point #I.

T1 is the streamline angle (radians) at point #I.

X2 is the non-dimensional axial coordinate at point #2.

R2 is the non-dimensional radial coordinate at point #2.

NU2 is the Prandtl-Meyer angle (radians) at point #2

T2 is the streamline angle (radians) at point #2

X3 is the non-dimensional axial coordinate at point #3

R3 is the non-dimensional radial-coordinate at point #3
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h_13is the Prandtl--Meyer angle (radians) at point #3.

T3 is the streamline angle (radians) at point #3.

X4 is the non-dimensional axial coordinate at point #4.

R4 is the non-dimensional radial coordinate at point #4.

NU4is the Prandtl-Meyer angle (radians) at point #4.

T4 is the streamline angle (radians) at point #4.

XS is the non-dimensional axial coordinate of the given point.

RS is the non-dimensional radial coordinate of the given point.

A1 is a n_amberindicating a top surface.

A2 is a number indicating a right surface.

A3 is a number indicating a bottom surface.

A4 is a number indicating a left surface.

NDFis the final I-subscript of the characteristics matrix.

IEND is an integer denoting that a solution was not found.
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BP

BI2

BI3

B23

B24

B31

B34

B41

B42

I

ILOC

IPLC

ISTT

J

JSTRT

LOC

MI

NDFMI

NDI

NDJ

NU

m .

S

- y-intercept of the given point

- y-intercept of the characteristic between points #I and #2

- y-intercept of the line between points #I and #3

y-intercept of the characteristic between points #2 and #3

- y-intercept of the line between points #2 and #4

- equivalent to BI3

- y-intercept of the characteristic between points #3 and #4

- y-intercept of the characteristic between points #4 and #i

- equivalent to B24

- subscript

- integer denoting what portion of the flow field is being ca]-.

culated (See Fig. IV-l)

- integer denoting that the end of the characteristics matrix

has been reached

- starting value of the I-s_bscript

- s1_script

- starting value of the J-s_bscript

- integer denoting which portion of the flow field is being cal-

culated (See Fig. I-3)

- integer used in determining whether I is odd or even

- the final value of the I-subscript - 1

- maximum number of I-subscripts in the characteristics matrix

- maximum n_ber of J-subscripts in the characteristics matrix

- array of Prandtl-Meyer angles (radians) at each point in the

characteristics matrix

- array of non-dimensional radial coordinates at each point in

the characteristics matrix

- array of entropies at each point in the characteristics matrix

(ft-lbf/Ibm-°R)
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SLI2

SLi3

SL23

SL24

SL31

SL34

SL41

SL42

T

- slope of the characteristic between point_ #i and #2

- slope of d_e line between points #1 and #3

- slope of the characteristic between points #2 and #3

- slope of the line between points #2 and _4

- equivalent to SLI3

- slope of the characteristic between points #3 and #4

- slope of the characteristic between points #4 and #i

- equivalent to SL24

- array of streamline angles (radians) at each point in the
characteristics matrix

- array of non-dimensional axial coordinates at each point in
t_e characteristics matrix
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SOLUTIONMETHOD

Define a calculational integer

I. NDFMI= NDF-I

Assumefor the present that the program will start with a point
which will have four characteristic points surrounding it.

2. IPLC = 0

3. A1 = 1.0

4. A2 = 1.0

5. A3 = 1.0

6. A4 = 1.0

Check to see if the characteristics solution is in the throat

region.

7. If LOC = 0, then GO TO 52

The characteristics matrix is assumed to be completely fi]led.

Begin searching the left--hand side of the ......" " Point #4 does

not exist for this case.

side of the matrix.

8. DO 5] J = 2,NDJ

9. Xl = X(I,J)

I0. R1 = R(I,J)

Ii. NUI = NU(I,J)

12. T1 = T(I,J)

13. X2 = X(2,J)

14. R2 = R(2,J)

15. NU2 = NU(2,J)

16. T2 = T(2rJ)

17. X3 = X(I,J-I)

18. R3 = R(i,J-I)

Redefine the points. Move up the ]eft

I

2

3
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19. NU3= NU(I,J-I)

20. T3 = T(I,J-I)

21. X4 = 0.0

22. R4= 0.0

23. NU4= 0.0

24. T4 = 0.0

Before checking the y-intercepts, see if the point has any possi_

bility of being in this array of three points. If not, try another

set of three points.

25. If XS > X1 and XS > X2 and XS > X3, then GO TO 51

26. If XS < X1 and XS < X2 and XS < X3, then GO TO 51

27. If RS > R1 and RS > R2 and RS > R3, then GO TO 51

28. If RS < R1 and RS < R2 and RS < R3, then GO TO 51

M_<e sure the slope between points _t_rl and #2 is not a vertical

line, and if it is, then check for a solution.

29. If /X2-Xl/ < 10 -8 , and XS > X2, then GO TO 51

Make sure the slope between points #I and #2 is not a vertical
line.

30. If /X2-XI/ < _0 -8, then GO TO 35

Calculate the slope of the characteristic between points #i and #2

31. SLI2 = (R2-RI)/(X2-XI)

D__ermlne the y-intercept of this characteristic

32. BI2 = RI-(SLI2) (XI)

Determine the y-intercept of the point using the same slope.

33. BP = RS-(SLI2) (XS)

See if a solution is possible; if not try another set of points.

34. If BP > BI2, then GO TO 51
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A solution is still possible. Nowdetermine whether the character-
istic between points #2 and #3 is a vertical line. If so, then
check for a solution.

35. If /X2-X3/ < 10 -8 and XS > X2, then GO TO 51

Check for a vertical slope of this characteristic

36. If /X2-X3/ < 10 -8 , then GO TO 42

Calculate the slope of the characteristic between points #2 and

#3 and determine its y-intercept.

37. SL23 =. (R2-R3)/(X2-X3)

38. B23 = R2 - (SL23) (X2)

Determine the y-intercept of the point using the same slope

39. BP = RS - (SL23) (XS)

Check to see if a solution is still possible; Jf not, try another

set of points.

40. If BP < B23 and SL23 > 0, then GO TO 51
<

Statement #40

I

Statement #4]

41. If BP > B23 and SL23 < 0, then GO TO 51

Check for a vertical line between points #i and #3, and if it is,

then check for a solution.

42. If /X3-XI/ < 10 -8 and XS < X3, then GO TO 51

Check for a vertical line between points #! and #3.

the case, a solution has been reached.

43. If'/X3--Xl/ < 10 .8 , then GO TO 49

If this is

XLI-8 . ..



Calculate the slope _u_dy-intercept of the line between points
#I and #3.

44. SL31 = (R3-R!)/(X3-XI)

45. B31 = R1 - (SL31)(XI)

Determine the y-intercept of the points using the sameslope.

46. BP = RS- (SL31)(XS)

Test for a solution. If none is found, then try another set of
points.

47. If BP > B31 and SL31 > 0, then GOTO51

Statement #47

t11_'_,_

Statement #48

I

3

48. IfBP < B31 and SL31 < 0, then GO TO 51

A solution has been reached. Reset the Value of A1 indicating

point #4 does not exist. Then return to STRLNE.

49. A4 = 0.0

50. RETURN

51. CONTINUE

Now the program will check for a solution at points in _._77'_ichfour

characteristic points will surround the given point.

First, set the starting value of the I-subscript for a completely
filled characteristic matrix.

52. ISTT = 3

If the characteristics matrix is in the throat region and it was

read in along a characteristic line then the starting value of the

I-subscript is reset.
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53. If LOC= 0, then ISTT = NDJ + 2

Begin incrementing the I-subscript

54. DO 129 I = ISTT, NDF

Determine whether I is odd or even

55. MI = MOD (I,2)

Determine the starting value of _e J-subscript

56. JSTRT 1

If I is an even number, reset the starting value of the J-subscript

57. If MI = 0, then JSTRT = 2

Begin incrementing the J-subscripts

58. DO 128 J = JSTRT, NDJ

Check for a partially filled characteristic matrix at various

locations.

59. If R(I,J) < 0.0001 and LOC _ 0, then GO TO 128

60. If R(I,J) < 0.0001 and ILOC = 3, then GO TO 128

61. If R(I,J) < 0.0001, then GO TO 128.

Go to another part of the program to calculate a lower boundary

62. If J = I, then GO TO 131

The program will jump to the following card, so a check for a lower

boundary point is made again.

63. If J = i, then GO TO 128

Go to another part of the program to calculate an upper boundary

64. If J = NDJ and MI > 0, then GO TO 167

The program will jump to the following statement, so a check for

an upper boundary is made again.

65. If J = NDJ and MI > 0, dqen CO TO 129

Set the four characteristic points. First see whether I is even.

If so, points #i and #3 will be set differently.
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66. If MI = 0, then GOTO77

The slmbscript I is odd.

67. Xl = X(I-I,J+l)

68. R1 = R(I-I,J+I)

Check again for a partially filled characteristic matrix

69. If Xl < 0.0001 and R1 < 0.0001, then GO TO 128

70. T1 = T(I-I,J+I)

71. NUI = Nq/(I-I,J+l)

72. X3 = X(I-I,J)

73. R3 = R(I-I,J)

74. NU3 = NU(I-i,J)

75. T3 = T(I-I,J)

76. GO TO 85

The subscript I is even.

7?. Xl = X(I-I,J)

78. R! = R(I-I,J)

79. NUI = NU(I-I,J)

80. T1 = T(I-I,J)

81. X3 = X(I-I,J-I)

82. R3 = R(I-I,J-I)

83. NU3 = NU(I-I,J--I)

84. T3 = T(I-I,J-1)

Points #2 and #4 will now be set.

85. X2 = X(I,J)

86. R2 : R(I,J)

87. NU2 = NU(I,J)
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88. T2 = T(I,J)

89. X4 = X(I-2,J)

90. R4 = R(I-2,J)

91. NU4 = NU(I-2,J)

92. T4 = T(I-2,J)

Before checking the y-intercepts, see if the point has any possi-

bility of being in this set of four points. If not, try another

set of points.

93.

94.

95.

96.

Check for a vertical characteristic between points #I and #2.

it is d_ere check for a possible solution.

97. If /X2-XI/ < 10 -8 and XS > X2, then GO TO 128

Check for a vertical characteristic between points #i and #2

98. If /X2-XI/ < 10 -8 then GO TO 104
t

Calculate the slope and y-intercept of the characteristic between

points #I and #2

99. SLI2 = (R2-RI)/(X2-XI)

i00. BI2 = R2 - (SLI2) (X2)

Calculate the y-intercept of the point using the same slope.

i01. BP = RS - (SL!2) (XS)

See if a solution is possible, if not try another set of points.

102. If SLI2 < 0 and BP > BI2, then GO TO 128

Statement #102 Statement #103

If XS > Xl and XS > X2 and XS > X3 and XS > X4, then GO TO 128

If XS < Xl and XS < X2 and XS < X3 and XS < X4, then GO TO 128

If RS > R1 and RS > R2 and RS > R3 and RS > R4, then GO TO 128

If RS < R1 and RS < R2 and RS < R3 and RS < R4, then GO TO 128

If
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103. If SL!2 > 0 and BP < BI2, then GOTO 128

See if the characteristic between points #2 and #3 is vertical.

If so, check for a solution.

104. If /X3-X2/ < 10 -8 and XS > X2, then GO TO 128

Check for a vertical characteristic between points #2 and #3

105. If /X3-X2/ < 10 -8 , then GO TO 112

Calculate the slope and y-intercept between points #2 and #3

106. SL23 = (R2-R3)/(X2-X3)

107. B23 = R2 - (SL23) (X2)

Determine the y-intercept of the point using the same slope.

108. BP = RS - (SL23) (XS)

Check for a possible solution

109. If SL23 < 0 and X2 > X3 and BP < B23, then GO TO 128

Statement #109 Statement #I]0

Statement #iii

1

ii0. If SL23 < 0 and X3 > X2 and BP > B23, then GO TO 128

iii. If BP < B23 and SL23 > 0, then GO TO 128
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112. If /X4-X3/ < 10 -8 and XS < X4, then GO TO 128

Check for a vertical characteristic between points #3 and #4

113. If /X4-X3/ < 10 -8 , then GO TO 119

Calculate the slope and y-intercept of the characteristic between

points #3 and #4.

114. SL34 = (R3-R4)/(X3-X4)

B34 = R3 - (SL34) (X3)

Calculate the y-intercept of the point using the same slope.

115. BP = RS - (SL34) (XS)

Chec]_ for a possible solution.

116. If SL34 > 0 and BP > B34 and X4 > X3, then GO TO 128

Statement #116

1

Statement #117

Z

2

3

Statement #118

1

117. If SL34 > 0 and BP < B34 and X3 > X4, then GO TO 128

118. If SL34 < 0 and BP < B34, then GO TO 128

Check for a vertical characteristic between points #4 and #i.

this is the case then check for a solution.

-8
119. If /X4-Xl/ < i0 _nd XS < X4, then GO TO !2S

If
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Check for a vertical characteristic between points #4 and #I.
If this has occurred, a solution has been reached.

120. If /X4-XI/ < 10 -8 , then GO TO 127

Calculate the slope and y-intercept of the characteristic between

points #i and #4.

121. SL41 = (K4-RI)/(X4-XI)

122. B41 = R1 - (SL41) (XI)

Calculate the y-intercept of the point using the s_ume slope.

123. BP = RS - (SL41) (XS)

Check for a solution

124. If BP > B41 and SL41 > 0, then GO TO ]28

Statement #124

<2>•4 2

Statement #125

Statement #126

125. If SL41 < 0 and Xl > X4 and BP > B41, ther- GO TO 128

126. If SL41 < 0 and X4 > Xl and BP < B41, then GO 2_0 128

A solution has Been reached

127. RETURN

128. CONTINUE
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129. CONTINUE

Go to another part of the program to calculate the right hand side

of the characteristics matrix.

130. GO TO 197

The part of the program considers theupper and lower edges of the

characteristics matrix. For a lower surface, point #3 does not

exist; for an upper surface, point #I does not exist.

Set points #2 and #4.

131. X2 = X(I,J)

132. R2 = R(I,J)

133. NU2 = NU(I,J)

134. T2 = T(I,J)

135. X4 = X(I-2,J)

136. R4 = R(I-2,J)

137. NU4 = NU(I-2,J)

]38. T4 = T(I-2,J)

See if it is an u_per or lower surface.

139. If IPLC = i, then GO TO 169

It is a lower surface; set point #i.

140.

141.

142.

143.

X1 = X(I-I,J+I)

R1 = R(I-I,J+!)

NUI = NU(I-I,J+I)

T1 = T(I-I,J+I)
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Before checking the y-intercepts, see if the point has any possi-
bility of being in this set of three points. If not, move into
the characteristic matrix.

144_ If XS > Xl and XS > X2 and XS > X4, then GOTO 63

145. If XS < X1 and XS < X2 and XS < X4, then GOTO63

146. If RS > R1 and RS> R2 and RS> R4, then GOTO63

147. If RS < R1 and RS< P_ and RS< R4, then GOTO 63

Check to see if the characteristic between points #I and #2 is vertical.
If it is, then test for a possible solution.

-8
148. If /X2-Xl/ < !0 , and XS > X2, then C_ TO 63

See if the characteristic between points #i and #2 is vertical.

149. If /X2-Xl/ < 10 -8 , then GO TO 154

Calculate the slope and y-intercept of this characteristic line.

150. SLI2 = (RI-R2)/(XI-X2)

151. BI2 = RI-(SLi2) (Xl)

Calculate the y-intercept of the point using the same slope.

152. BP = RS - (SLI2) (XS)

Test for a possible solution.

153. If BP > BI2, then GO TO 63

Check to see if the characteristic between points #4 and #i is

vertical. If so, then test for a possible solution.

154. If /XI-X4/ < 10 -8 and XS < Xl, then GO TO 63

See if the characteristic between points #i and #4 is vertical.

155. If /XI-X4/ < 10 -8 , then GO TO 161

Calculate d%e slope and y-intercept of this characteristic line.

156. SL41 = (R4-RI)/(X4-XI)

157. B41 = R1 - ($[41) (XI)
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Calculate the y-intercept of the point using the same slope.

158. BP = RS - (SL41) (XS)

Test for a possible solution.

159. If BP > B41 and SL41 > 0, then GO TO 63

Statement #159 Statement #160

160. If BP < B41 and SL41 < 0, then GO TO 63

Calculate the slope and y-intercept of t/_Le line between points

#2 and #4.

161. SL24 = (R2-R4)/(X2-X4)

162. B24 = R2 - (SL24) (X2)

Calculate the y-intercept of the point using the same slope.

163. BP = RS - (SL24) (XS)

Test for a solution.

164. If BP < B24, then GO TO 63

A solution has been reached. Set A3 = 0.0 denoting a solution on

the lower characteristics matrix, and then return to STRLNE.

165. A3 = 0.00

166. P_TURN

Set the integer denoting an upper surface.

167. IPLC = 1
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Go to another pert of the program to set po_nt_ #2 and #4.

168. GOTO 131

Reset the integer

169. IPLC = 0

Set point #3

170. X3 = X(I-I,J)

171. R3 = R(I-I,J)

172. NU3 = NU(I-I,J)

173. T3 = T(I-I,J)

Before checking y-intercepts, see if the point has any possibility

of being in this set of three points. If not, move back into the

characteristic matrix.

174. If XS > X2 and XS > X3 and X$ > X4, then GO TO 65

175. If XS < X2 and XS < X3 and XS < X4, then GO TO 65

176. If RS > R2 a_d RS > R3 and RS > R4, then GO TO 65

177. If RS < R2 and RS < R3 and RS < R4, then GO TO 65

Check if the d_aracteristic between points #2 and #3 is a vertical

line. If it is, then test for a possible solution.

178. If /X3-X2/ < 10 -8 _%d XS > X3, then GO TO 65

See if the characteristic between peints #2 and #3 is vertical.

179. If /X3-X2/ < 10 -8 , then GO TO 185

Calculate the slope and y-intercept of the characteristic between

points #2 and #3

180. SL23 = (R2-R3)/(X2-X3)

181. B23 = R2 -- (SL23) (X2)

Determine the y-intercept of the point using the same slope.

182. BP = RS - (SL23) (XS)

XLI-19



Test for a possible _olution.

183. If BP > B23 and SL23 < 0, then C_3TO 65

Statement #183

,ifl 

Statement #184

184. If BP < B23 and SL23 > 0, then GO TO 65

Check if the characteristic between points #3 and #4 is a vertical

line. If so, then check for a possible solution.

-8
185. If /X3-X4/ < i0 and XS < X3, then GO TO 65

See if the characteristic between points #2 and #3 is vertical

186. If /X3-X4/ < 10 -8 , then GO TO 191

Calculate the slope and y-intercept of the characteristic between

points #2 and #3.

187. SL34 = (R3-R4)/(X3-X4)

188. B34 = R3 - (SL34) (X3)

Calculate the y-intercept of the point using the same slope.

189. BP = PS - (SL34) (XS)

Test for a possible solution.

190. If BP < B34, then GO TO 65

Calculate the slope and y-intercept of the line bet_,_een points

#4 and #2.

191. SL42 = (R4-R2)/(X4-X2)

192. B42 = R4 - (SL42) (X4)
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Calculate the y-ihtercept of the point using _ the same slope.

193. BP = RS - (SL42) (XS)

Test for a solution

194. If BP > B42, then GO TO 65

A solution has been reached. Set A1 = 0.0 indicating a solution

at the top of the characteristic matrix, and then return to STRLNE.

195. A1 = 0.00

196. RETURN

See if recompression has occurred. If so, the solution has not

been found.

197. If ILCC = 3, then GO TO 241

This last section of the program will take care of the possibility

of a solution along the right edge of the characteristics matrix.

For this situation, point #2 does not exist.

%%

3

Set the J-subscript to move up this row.

198. DO240 J = 2;NDJ

Set the points.

199. Xl = X(NDF,J)

200. R1 = R(NDF,J)

201. NUI = NU(NDF,J)

202. T1 = T(NDF,J)

203. X2 = 0.0

204. R2 = 0.0
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205. NU2= 0.0

206. T2 = 0.0

207. X3 = X(NDF,J-I)

208. R3= R(NDF,J--I)

209. NU3= NU(NDF,J-I)

210. T3 = T(NDF,J-I)

211. X4 = X(NDF-I,J)

212. R4 = R(NDF-I,J)

213. NU4 = NU(NDF-I,J)

214. T4 = T(NDF-I,J)

Before calculating the y-intercepts, determine if the point has

any possibilit:y of being in this set of three points. If not

try another set of three points.

215.

216.

217.

218.

See if the line between points #i and #3 is vertical.

then test for a possible solution.
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219. If /X3-oXI/ < i0 and XS > X3, then GO TO 240

See if the line between points #i and #3 is vertical.

220. if /X3-XI/ < 10 -8 , then GO TO 226

Calculate the slope and y-intercept of the line between points

#i and #3.

221. SLI3 = (R3-RI)/(X3-XI)

222. Bi3 = R1 - (SLI3) (Xl)

Calculate the y-intercept of the point using the same slope.

223. BP = RS - (SLI3) (XS)

If XS > X1 and XS > X3 and XS > X4, then C_3 TO 240

If XS < Xl and XS < X3 and XS < X4, then GO TO 240

If RS > R1 and RS > R3 and RS > R4, then GO TO 240

If RS < R1 and RS < R3 and RS < R4, then GO TO 240

If so,
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Test for a possible solution.

224. If BP > BI3 and SLI3 < 0, then c_9 TO 240

Statement # 224

I

4

Stahe_ent # 225

I

"4 " II

"225. If BP < BI3 and SLI3 > 0, then GO TO 240 ....

Check if the characteristicbetween points #3 and #4 is vertical.

If so, see if a possible solution exists.

226. If /X3-X4/ < 10 -8 and XS < X3, then GO TO 240

See if the characteristic between points #3 and #4 is vertical.

-8
227. If /X3-X4/ < i0 • then GO TO 232

Calculate the slope and y-intercept of _ne characteristic between

points #3 _nd #4.

228. SL34 = (R3-R4)/(X3-X4)

229. B34 = R3 - (SL34) (X3)

Calculate the y-intercept of the point using the same slope.

230. BP = RS -(SL34) (XS)

Check for a possible solution

231. If BP < B34, then GO TO 240

See if the characteristic between points #4 _id _I is vertical.

If it is, then test for a solution.

232. If /X4-XI/ < 10 -8 and XS < X4, then GO TO 240

See if the characteristic between points #4 and #i is vertical.

-8
233. If /X4-Xl/ < i0 , then GO TO 238

XLI-23



Calculate the slope and y-intercept of the characteristic between
points #4 and #i.

234. SL4! = (R4-RI)/(X4-XI)

235. B41 = R4 - (SL4!) (X4)

Calculate the y-intercept of the point using the sameslope.

236. BP = RS- (SL41)(XS)

Test for a solution.

237. If BP > B4i, then GOTO240

Statement #237

3

A Solution has been obtained. Set A2 = 0 indicating a solution

on the right side of the characteristics matrix, and then return

to STPLNE.

238_ A2 = 0.00

239. P_TU_N

240. CONTINUE

A solution has not been found in the characteristics matrix.

Set the integer noting this, and return to the statement number

designated by STRLNE.

241. 1END = i

242. RETURN 24

243. END

XLi-24



XLII. SUBROUTINELIPSHK



XLII. SUBROUTINELIPSHF

Subroutine LIPSHKcalculates the effects of a "lip shock" originat-

ing at the tip of the plug. This shock arises from the possibility

that the flow from the surface of the plug may undergo a compression

rather than an expansion. (See Fig. XLII-I below)

FIGURE XtII-

This st_routine is similar in parts to the subroutines SSHAPE, FBASE6,

and FLOW in that many of the calculations need to be repeated here

because of the location of the shock. The possibility that both the

"lip shock" and recompression shock are in the same characteristic matrix

is also considered.

COMMON BLOCKS

CO_,ION blocks AMB, BLK3A, CNRANG, CORNER, DATBLK, GAS, PA_AM,

PLCBLK, POLIP, PTNOS, SIZE, SKLIP, SOLBLK, STRBLK, STRL, STRSRT, THETBK

and TPN are used.
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TPNZZLSUBROUTI_IES

Subroutines and function subprogramsTPNZZL,BASE6,and FBASE6
call LIPSHK

LIPSHKuses subroutines and function subprogramsCALC,CPB, FLOW,
OSHOCK,PMANGL,PMTURN,SHOCK,SSH/IPE,STRLNE,SURF,SURFSK,and TAB

FORTRANSYSTEMROUTINES

Built-in FORTRANfunctions ASIN, ATAN,MOD,SIN, SQRTand TAN
are used.

CALLINGSEQUENCE

CALLLIPSHK (IREADS,NEPS,$)

IREADSis the type of initial line read-in used

NEPS= S1 for ax_symmetric flow
t0 for planar flow
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ACST4

AMBM

- accuracy requirement used in locating t_e j-streamline

- Machnumber downstreamof the "lip shock" - free jet boundary

intersection

ANGCH - angle of a characteristic wave

COTDEL - the cotangent of the change in streamline angle across a shock

CPNUY

C3AS

D

DD

DDEL

DEL

DELP

DELTA

DFMY

DJM!

DNU

DRS

DS

DSR

DTC

DTOT

D4

D4MI

D75

-Prandtl-Meyer angle (radians) corresponding to AMBM

- square of the Crocco number just upstream of recompression

- non-dimensional distance along the "lip shock"

- incremental non-dimensional distance along the shock

- minimmm change in streamline angle (radians) across the shock

- change in streamline angle (radians) across a shock

- equal to 90% of the distance along the shock

- change in streamline angle (radians) across a shock

- difference in Mach nun_er downstream of the shock as calcula£ed

from the shock equation and from the method of charactezistics.

- real number (= NDJ-I)

- difference in Prandtl-Meyer angle from the ambient value to

the do_mstream shock value (radians)

- density ratio across the shock

- non-dimensional distance along the shock

- ratio of the entropy change across the shock to the gas constant

- incremental change in streamline angle in going from the plug

surface to the near wake.

- total non-dimensional distance along the shock

- one quarter of the total number of J-subscripted characteristics

- D4 - 1

- three quarters of the total number of J-s_scripted characteristics
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EKJ

EMU2

EMX

ID1

ID2

ID3

IEND

IFIN

IINT

IK

IL

IM

IPI

IREC

IRECP

IS

IST

- variable used in determining the J-subscuipt

- Machangle (radians) immediately after separation

Machnumberon the upstream side of the shock

-Mach number just before separation

EM2 - Mach n_mber immediately after separation

G - ratio of specific heats

I - subscript

IBOUND - integer denoting the type of near wake solution desired

IDIFF - n_mber of I-subscripts between recompression and the end of

the characteristics matrix

- IDIFF + 1

- IDIFF + 2

- IDIFF + 3

- final value of the I-subscript

- final value of the I-subscript

- the I--subscript at an intersection

- subscript

- subscript

ILAST - final value of the I-subscript

ILOCN - integer denoting which part of the flow field is being calculated

- subscript

- subscript

- value of the I-subscript at recompression

- integer denoting whether recompression has been encountered

- starting value of the I-subscript

- starting value of the I-subscript
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ISl

J

JFIN

JK

- subscript

- subscript

- final value of the J-subscript

- subscript

JP

JS

JST

JSI

JTOP

JX

Jl

K

KK

K1

L

LOCN

LS

LSHK

LTP

MAMB

JLAST - final value of the J-subscript

- subscript

- subscript

- starting value of the J-subscript

- subscript

- final value of the_J-subscript

- subscript

- subscript

- subscript

- subscript

- subscript

- subscript

- integer denoting which part of the flow field is being ca].culated

.- subscript

- integer denoting that a "lip shock" is present

- subscript

-Mach numberon the free jet boundary upstream of the "lip shock"
intersection with this boundary

MES[IPM- factor used to set the minimumnm_berof discrete tuzms when
expanding from the plug surface to d_e near wake

MI - integer used to determine _hether I is odd or even

MINT - upstream Mach number at a shock point
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MS

MSTR

MY

MIA

M2A

M3A

- Mach number at an upstream point on the shock

-- array of Mach numbers along each streamline

- Mach number at a downstream shock point

- Mach number just before separation

- Mach-number just after separation

- Mach number just before recompression

NCOUNT - integer used to count iterations

NDF - final value of the I-subscript in the charactersitics matrix

NDI - maxim_n number of I-subscripts in the characteristics matrix

NDIMi -o _I-l

NDIM2 - NDI-2

NDIP - equivalent to NDI

NDJ - maximum number of J-subscripts in the characteristics matrix

NDJMI - NDJ-I

NDJP - equivalent to NDJ

NDJ2 - NDJ/2

ND4 - NDJ/4

ND75 - integer equivalent to D75

NINTS - number of characteristic-shock intersections

NOIPTS - number of points on the initial line

NOPPTS - number of plug surface ccordinate points

NOPS - number of J-subscripts along a shock

NOSPTS - maximum number of streamline points

NOSTRL - nu,.mber of streamlines

NPI - NOPS-I

NS - Prandtl-Meyer angle (radians) on the upstream side of the shock

(an array)
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NSKPTS- n_ber of shock points

NSLI - NOSTRL - 1

NSPTS - equivalent to NOSPTS

NSTRT - starting value of the subscript on each streamline

NSTT - equivalent to NSTRT

NSI - array equivalent to NUSXI

NTC - number of discrete turns in expanding from the plug surface

to the near wake

NU - array of Prandtl-Meyer angles (radians) at each point in the

characteristic matrix

NUAMB - Prandtl-Meyer angle (radians) corresponding to M_MB

NUINT - Prandtl-Meyer angle at an intersection (radians)

NUSX - array of Prandtl-Meyer angles (radians) at each point along

the upstream side of the shock

NUSXI - array of Prandtl-Meyer angles (radians) at the first point

upstream of the shock

NUSY - array of Prandtl-Meyer angles (radians) at each point along
the do<,mstream side of the shock

NUX - array equivalent to NUSX

NUY - array equivalent to NUSY

N1 - NSKPTS +i

PA - ambient pressure (ib/in 2)

POLP - stagnation pressure (ib/in 2) do_stream of the "lip shock"

at its intersection with the free jet boundary

POR - ratio of stagnation pressures across a shock

POY - equivalent to POLP

POYPOX - equivalent 'to POR

POI - chan_er stagnation pressure (ib/in 2)

PR - static pressure ratio across the shock
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PYPX

P1

R

RATIO

RB

RDIM

RG

RINT

RP

RPB

RQ

RREC

RS

RS RB

RSTR

RSX

RSXI

RSI

RYRX

R2

S

- equivalent to PR

- static pressure (ib/in 2) just ahead of separation

- array of non-dimensional radial coordinates at each point

in the characteristics matrix.

- a ratio of distances used for interpolation

- non-dimensional radial coordinate of the streamline point just

upstream of the shock-streamline intersection

- radial coordinate (inches) of a shock point (used for output)

- gas constant (ft-lbf/ibm-°R)

- non-dimensional radial coordinate at an intersection

- array of non-dimensional radial coordinates at each point along

the surface of the plug

- plug base radius (inches)

- the non-dimensional radial coordinate of the point whose char-

acteristic intersects the shock

- the non-dimensional radial coordinate at recompression

- equivalent to RSX

- w_{e radius ratio

- array of non-dimensional radial coordinates at each point along

a streamline

- array of non-dimensional radial coordinates at each point along

the upstream side of the shock

- array of non-dimensional radial coordinates at the first point

upstream of the shock

- array equivalent to RSXI

- density ratio across the shock

- non-dimension plug base radius, OR the non-dimensional radius

at recompression

- array of entropies (ft-lbf/Ibm-°R) at each point in the char-
acteristics matrix
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SA - array of shock wave angles (radians) at each point along the
shock o

SACALC- shock wave angle (radians) at the intersection of a streamline
and the shock wave

SAR - shock wave angle (radians) at a point

SAS - array equivalent to SA

SINT - the entropy (ft-lbf/ibm-°R) at an intersection

SLB - slope of the free jet boundary

SLCH - slope of a characteristic wave

SLSK - slope of a shock at a point

SLST - slope of a streamline at a point

SM - square of the Mach number at an intersection

SOD - sum of the non-dimensional distances a]ong the shock

SOL3A - the ratio of the Mach number at recompress_on to that after

separation, OR the streamline angle (radians) at reccmpxession

SP - the entropy (ft-lbf/Ibm-°R) on the plug surface

SS - array equivalent to SXS

array of entropies (ft-lbf/ibm-°R) at each point along the
SSX

upstream side of the shock

SSXl - array of entropies (ft-lbf/ibm-°R) at the first point llpstream
of the shock

SSY - array of entropies (ft-lbf/ibm-°R) at each point along the
do,_n]stream side of the shock

- array equivalent to SSXI

entropy (ft-lbf/Ibm-°R) along the near wake surface

- shock wave angle (degrees) (used for output)

- shock wave _gle (radians) at a point

entropy (ft-lbf/ibm-°R) at the intersection of aupstream

characteristic and a shock

SSl

SW

SWAD

SWAR

SX

k_
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SY - downstream,entropy (ft-lbf/lb -OR) at the intersection of a
characteristic and the shomk

S3A - the entropy (ft-lbf/Ibm-°R) just ahead of recompression

S3NT - entropy (ft-lbf/ib -OR) at the point where the characteristic
intersects the _hock

T - array of streamline angles (radians) at each point in the

characteristic matrix

THETI2 - change in streamline angle (radians) in going from the plug

surface to the near wake

THET3A- streamline angle (radians) at recompression

- streamlJ_ne angle (radians) at an intersection

- cha_er stagnation temperature (OR)

- array of strea_nline angles (radJans) at each point on the plug

surface

- static temperature ratio across the shock

- array equivalent to TSX

- array of streamline angles (radians) at each point along a

streamline

- array of streamline angles (radians) at each point along the

upstream side of the shock

- array of streamline angles (radians) at the first point upstream

of the shock

- array of streamline angles (radians) at each point along the

downstream side of the shock

- array equivalent to TSXI

- streamline angle (radians) of a conical near wake

- streamline angle (radians) at the intersection of a shock and

a characteristic

- streamline angle (degrees) at an upstream point on the shock

(used for output)

- do_nstream streamline angle (radians) at the intersection of

a shock and characteristic
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TSX

TSXI

TSY
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TW

TX
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- TYD - streamline angle (degrees) at a do_stream point on the shock

(used for output)

TYG - estimate of the downstream streamline angle (radians) at the

intersection of a shock _nd a characteristic

TYTX - static temperature ratic across a shock

T2 - streamline angle (radians) of the last plug surface point

T3A - streamline angle (radians) just upstream of recompression

V3A - Prandtl-Meyer angle (radians) just upstream of recompression

X - array of non-dimensional axial coordinates at each point in

the characteristics matrix

XB - non-dimensional axial coordinate of the streamline point just

upstream of the shock-streamline intersection

XCALC - non-dimensional axial coordinate near the intersection of the

shock wave and a streamline

- axial coordinate (inches) of a shock point (used for output)

- non-dimensional axial coordinate at an intersection

- array of non-dimensional axial coordinates at each point on

_%e plug surface

- non-dimensional axial coordinate of the plug base

- non-dimensional axial coordinate of the point whose character-

istic intersects the shock

- non-dimensional axial location of recompression

- equivalent to XSX (an array)

- array of non-dimensional axial coordinates at each point along

a streamline

- array of non-dimensional axial coordinates at each point along

the upstream side of the shock

- array of non-dimensienal axial coordinates at the first point

upstream of the shock

- array equivalent to XSXI

- non-dimensional axial location of the plug base, OR the non-

dimension_l axJel loc_tion of recompression
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SOLUTIONMETHOD

Redefine the entropy at the boundary

i. SP = S(l,l)

Define calculational integers

2. NDIMI = NDI-I

3. NDIM2= NDI-2

4. NDJMI= NDJ-I

Changethis last integer to a real number

5. DJM! = NDJMI

See if a final solution has been obtained. If so, go to another
part of the program and print out the final "lip shock" shape.

6. If IPZADS : 6, then GO TO 614

See if the "lip shock" and the recompression shock are in the same

characteristic matrix

7. If IREADS = 4, then GO TO 555

Set the first shock point at the tip of the plug base

8. XSX(1) = XP(NOPPTS)

9. RSX (i) = RP (NOPPTS)

I0. NUSX(1) = PMANGL(MIA,G)

ii. TSX (i) = T2

12. SSX(i) = SP

Determine the compressive turn froia the plug surface to the near

wake.

13. DELTA = -THETI2

Set a minimum change in strea_vLline angle (radians) across the shock.

14. DDEL = 0.0100

Calculate the Mach ntu_ber at this first point upstream of the shock.
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15. CALLPMTURN

Calculate the shock wave angle of the shock and determine the down-
stream variables at this first point.

16. CALLSHOCK

17. CALLOSHOCK

18. M2A= MY

19. SW= SP + (DSR)(RG)

20. TSY(1) = T2 + DELTA

21. NUSY(1)= PMANGL (MY, G)

22. SSY(1) = SW

Set the starting value of the number of shock points.

23. K= 2

This next portion of LIPSHK sets up the initial estimate of the

"lip shock" shape.

24. DO 74 L = 2, NDJ

Determine the upstream Mach nlnaber and shock wave angle at a point

on the shock.

25. CALL PMTURN

26. CALL SHOCK

Calculate the shock angle (radians) using the centerline as a reference

coordinate, and calculate its slope.

27. SA(K-I) = SW_R + TSX(K-!)

28. SLSK = TAN (SA (K-l))

Set a real nuri_er used in determining the J-subscript

29. EKJ = L + 0.60

Search along each characteristic for an intersection of a character-

istic with the projected shock wave.

30. DO 73 I = 2, L
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Increment the real number and set the J-subscript.

31. EKJ = EKJ - 0.50

32. J = EKJ

See if the characteristics matrix is filled.

-6
33. If X(i,j)< i0 , then GO TO 74

See whether the subscript I is odd or even.

34. MI = MOD(I,2)

35. If MI = 0, then GO TO 47

I is an odd number. Calculate the slope of the characteristic

and its intersection with the shock.

36. SLCH = (R(I,J)-R(I-I,J+I))/(X(I,J)-X(I-I,J+!))

37. XINT = (R(I-I,J+I)-RSX(K-I)+(SLSK) (XSX(K-I))-

(SLCH) (X (I-i,J+l)) )/(SLSK-SLCH)

Now test to see whether this intersection is actually between two

characteristic points. If not, try two more points.

38. If X(I-I,J+I) > XINT, then GO TO-74

39. If XINT > X(I,J), then GO TO 73

40. If XINT < XSX(K-I), then GO TO 74

An intersection has been found. Save the variables at the char-

acteristics point upstream of the shock.

41. XSXI(K) = X(I-I,J+I)

42. RSX] (K) = R(I-I,J+I)

43. NUSXI(K) = (NU(I-I,J+I)

44. TSXI(K) = T(I-I,J+I)

45. SSXI(K) = S(I-!,J+I)

Go to another part of the program to calculate the variables on

the shock itself.

46. GO TO 57

XLII-14



I is an even number. Calculate the slope of the characteristic
and its intersection with the shock.

47. SLCH= (R(I,J) - R(I-I,J))/(X(I,J) - X(I-I,J))

48. XINT = (R(I-I,J) -RSX(K-I) + (SLSK)(XSX(K-I)) -
(SLCH)(X(I-I,J)) )/ (SLSK-SLCH)

Now test to see whether the intersection is actually between these

two characteristic points. If not try two more points.

49. If X(I-I,J) > XINT, then GO TO 74

50. If XINT > X(I,J), then GO TO 73

51. If XINT < XSX(K-I), then GO TO 74

An intersection has been found. Save the variables at the charac-

teristic point upstream of the shock.

52. XSXI(K) = X(I-I,J)

53. RSXI(K) = R(I-I,J)

54. NUSXI(K) = NU(I-I,J)

55. TSX!(K) = T(I-I,J)

56. SSXI(K) = S(I-I,J)

Now set the upstream variables at the actual intersection of the

characteristic and the shock.

57. XSX(K) = XINT

58. RSX(K) = (SLCH) (XINT-X(I,J)) + R(I,J)

Define a ratio of distances and calculate remaining variables.

59. RATIO = (XI_T-XSX(K))/(X(I,J)-XSXI(K))

60. NUSX(K) = NUSXI (K)+ (PATIO) (NU(I,J)-NUSXI(K))

61. TSX(K) = TSXI (K)+ (RATIO) (T(I,J)-TSXI(K))

62. SSX(K) = SSX!(K)+(RATIO) (S (I ,J) -SSXI (K) )

Calculate the streamline angle on the do}mstream side of the shock.

63. TSY(K) = TSX(K) + DELTA
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Determine the change in streamline angle through the shock, and make
sure it is greater than the minimumangle.

64. DEL= TSY(K) - TSX(K)

65. If DEL < DDEL, then TSY(K) = TSX(K) + DDEL

Determine the Mach number at the upstream intersection

66. CALL PMTURN

Reset the change in streamline angle across the shock and then

determine the shock angle and set the variables on the do_mstream

side of the shock.

67. DELTA = TSY(K) - TSX(K)

68. CALL SHOCK

69. C_JJL OSHOCK

70. NUSY(K) = PMANGL(MY,G)

71. SSY{K) = (DSR) (RG) + SSX(K)

Increase the number of shock points by one.

72. K=K+ 1

73. CONTINUE

74. CONTINUE

Continue looking for intersections between the shock and the char-

acteristics whose right-running waves begin at the free jet boundary.

First, set the last value of the I-subscript, and then begin searching.

75. IFIN = NDJ

76. DO 126 L = 4, NDIM2, 2

Calculate the upstream Mach number and shock wave angle of the

previous shock point.

77. CALL PMTURN

78. CALL SHOCK

Determine the shock angle using the centerline as the reference

coordinate, and then calculate its slope.
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79. SA(K-I) = SWAR+ TSX(K-I)

80. SLSK= TAN(SA(K-l))

Set a real numberused to determine the J-subscript.

81. EKJ = NDJ + 0.60

Begin searching for an intersection

82. DO125 I = L, IFIN

Set the J-subscript.

83. EKJ = EKJ - 0.50

84. J = EKJ

See if the characteristic matrix is filled.

-6
85. If X(I,J) < I0 , then GO TO 126

See if the s[_script I is odd or even.

86. MI = MOD(I,2)

87. If MI = 0, then GO TO 99

I is an odd nunfoer. Calculate the slope of the characteristic

and its intersection with the shock.

88. SLCH = (R(I,J) - R(I-I,J+I))/(X(I,J) - X(I-I,J+I))

89. XiNT = (R(I-I,J+I) -RSX(K-I) + (SLSI<) (XSX(K-I)) -

(SLCH) (X (I-i ,J+l) ) )/ (SLSK-SLCH)

Now test to see whether this intersection is actually between these

two characteristic points. If not, try two more points.

90. If X(I-I,J+I) > XINT, then GO TO 126

91. If XINT > X(I,J), then CA3 TO 125

92. If XINT < XSX(K-I), then GO TO ]26

An intersection has been found. Save the variables at the char-

actez-istic point upstream of the shock.

93. XSXI(K) = X(I-I,J+I)

94. RSXI(K) = R(I-I,J+I)
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99.

i00.

95. NUSXI(K) = NU(I-I,J+I)

96. TSXI(K) = T(I-I,J+,)

97. SSXI(K) = S(I-I,J+I)

i01.

102.

103.

104.

105.

106.

107.

108.

109.

ii0.

Go to another part of the program to set the variables a.t the

intersection of the shock and the characteristic.

98. GO TO 109

I is an even number. Calculate the slope of the characteristic

and its intersection with the shock.

SLCH = (R(I,J) - R(I-I,J))/(X(I,J) - X(I-I,J))

XINT = (R(I-I,J) -RSX(K-!) + (SLSK) (XSX(K-I)) -

(SLCH) (X (I-i ,J) ) )/ (SLSK- SLCH)

Now test to see whether this intersection is actually between

these two characteristic points. If not, try two more points.

If X(I-i,J) > XINT, then GO TO 126

If XINT > X(I,J), then GO TO 125

If XINT < XSX(K-I), then GO TO 126

An intersection has been found. Save the variables at the char-

acteristic point upstream of the shock.

XSXI(K) = X(I-I,J)

RSXI(K) = R(I-I,J)

NUSX] (K) = NU(I-I,J)-

TSXI(K) = T(I-I,Ji

SSXI(K) = S(I-i,J)

Now set the upstream variables at the actual intersection of the

characteristic and the shock.

XSX (K) : XINT

RSX(K) = (SLCH)(XINT - X(I,J)) + R(I,J)

Define a ratio of distances, and calculate the remaining upstream

variables.
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iii.

112.

113.

114.

RATIO= (XINT-XSXI(K))/(X (I,J) - XSXI(K))

hFJSX(K) = NUSXI(K) + (P_hTIO)(NU(I,J) - NUSXI(K))

TSX(K) = TSXI(K) + (P_ATIO)(T(I,J) - TSXI(K))

SSX(K) = SSXI(K) + (RATIO)(S(I,J) - SSXI(K))

Calculate the streamline angle on the downstream side of the shock

115. TSY(K) = TSX (K) + DELTA

Determine the change in streamline angle through the shock' and

make sure it is greater than the minimum angle.

116. DEL = TSY (K) - TSX (K)

117. If DEL < DDEL, then TSY(K) = TSX(K) + DDEL

Determine t/he Mach number at the upstream intersection

118. CALL PMTUPJq

Reset the change in streamline angle across the shock, and then

determine the shock angle, and set the remaining variables on the

do_nstrea_a side of the shock.

119. DELTA = TSY(K) - TSX(K)

120. CALL SHOCK

121. CALL OSHOCK

122. NUSY(K) = PMANGL(MY,G)

123. SSY (K) = (DSR) (RG) + SSX (K)

Increase the number of shock points by one.

124. K = K + 1

125. CONTINUE

126. CONTINUE

The initial estimate of the "lip shock" shape has now been set.

De_ermine the total number of shock points.

127. NSKPTS = K - 1

XLII-19



This next section determines the intersection of the "lip shock"
with the external free jet boundary. First set the J-subscript.

128. J = NDJ

Calculate the shock wave angle and its slope.

129. SA(K-I) = SWAR+ TSX(K-I)

130. SLSK= TAN(SA(K-1))

Begin moving along the top surface of the characteristic matrix
looking for an intersection.

131. DO161 I = 3, NDIMI, 2

Look for an incomplete characteristic matrix
-6

132. If X(I,J) < I0 , then GOTO162

Calculate the slope of the boundary and determine its intersection
with the shock.

133. SLCH= (R(I,J) - R(I-I,J))/(X(I,J) - X(I-I,J))

134. X3NT = (R(I,J) -RSX(K-I) + (SLSK) (XSX(K-I)) -

(SLCH) (X (I ,J) ))/(SLSK-SLCII)

Test for an actual intersection between the two characteristic

points. If not, try two more points.

135. If X(I-i,J) > XINT, then GO TO 162

136. If XINT > X(I,J), then GO TO 161

Save the point and its variables at the intersection and at t/_e

characteristic point upstream of the intersection.

137.

138.

139.

140.

141.

142.

143.

XSX (K) = XINT

XSXI(K) = X(I-2,J)

RSX!(K) = R(I-2,J)

NUSXI(K) = NU(I-2,J)

TSXI(K) = T(I-2,J)

SSX(K) = S(I-2,J)

RSX(K) = (SLCH) (XINT-X(I,J)) 4 R(I,J)
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Calculate a ratio of distances, and then deteinT_inethe remainder
of the upstream variables.

144. RATIO= (XINT-XSXI(K))/ (X(I,J) - XSXI(K))

145. NUSX(K)= NUSXI(K) + (RATIO) (bqJ(I,J)- NUSXI(K))

146. TSX(K) = TSXI(K) + (RATIO)(T(I,J) - TSXI(K))

147. SSX(K) = SSXI(K) + (RATIO) (S(I,J) - SSXi(K))

Determine the upstream Mach number at the intersection, and then

calculate the downstream properties.

148. CALL PMTURN

149. CALL OSHOCK

Calculate the stagnation pressure downstream of the "lip shock"

at this point, and also the static pressure ratio.

150. POY = (POR) (POl)

151. PR = POY/PA

Calculate the Mach number corresponding to this static pressure

ratio and its equivalent Prandtl-Meyer angle.
Hc_l

152. m4BM = (2)PR G - 1)/(G-I))½

153. NU__MB = PMANGL (A_IBM, G)

Calculate the Prandtl-Meyer angle of the downstream Mach n_er

resulting from the shock wave solution.

154. CPNUY = PMANGL (MY,G)

Determine the difference between these two values of the Prandtl-

Meyer angle and set the downstream variables at this point.

155. DNU = NUAMB - CPNUY

156. TSY(K) = DNU

157. NUSY (K) = NU_-MB

158. SSY (K) --: (DSR) (RG) + SSX (K)

Reset the total number of shock points and stop looking for any

further points.
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159. NSKPTS= K

160. GOTO162

161. CONTINUE

Makesure there are enough intersections to calculate a "lip shock".
If not, then return to the calling progrmm.

162. If NS[_TS< 2, then LSHK= 0

163. If LSHK = 0, then RETURN

Redefine the first upstream point on the plug boundary as the inter-

section point itself.

164. XSXI(1) = XSX(1)

165. RSXI(1) : RSX(Z)

166. NUSXI (i) = NUSX(1)

167. TSXI(1) = TSX(1)

168. SSXl(1) = SSX(1)

Redefine the arrays of variables along the shock.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

DO 180 LS = I,NSKPTS

XS(LS) = XSX(LS)

RS(LS) : RSX(LS)

TS (LS) = TSX (LS)

Ns(ms) = NUSX(mS)

SS(LS) = SSX(LS)

SAS(LS) = SA(LS)

XSI(LS) = XSXI(LS)

RSI (LS) = RSXI (LS)

TSI(LS) = TSXI(LS)

NSI(LS) = NUSXi(LS)

SSl (LS) = SSXl (LS)
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Now reset all (except at the tip of the plug) v_iables equal to

zero.

181. DO195 LS = 2,NDI

182. XSX(LS) = 0.0

183. RSX(LS) = 0.0

184. TSX(LS) = 0.0

185. TSY(LS) = 0.0

186. NUSX(LS) = 0.0

187. NUSY(LS) = 0.0

188. SSX(LS) = 0.0

189 SSY(LS) = 0.0

190 XSXI(SL) = 0.0

]91 RSXI(LS) = 0.0

192 NUSXI(LS) = 0.0

193 TSXI(LS) = 0.0

194 SSXI (LS) = 0.0

]95. SA(LS) = 0.0

Determine the linear distance along the "lip shock". The distance

will be measured from the point at the tip of the plug.

196. DS(1) = 0.0

197. DO 198 LS = 2, NSKPTS

198. DS(LS) = DS(LS-I) + ((XS(LS) - XS(LS-I)) 2

Determine the total distance along the shock.

199. _FOT = DS(NSKPTS)

The next section will relocate the shock points such that 25%

of the points will be along 10% of the total distance along the

shock. First determine the number of points in the smaller region,

and change to a real number.

+ (RS(LS) - RS(LS-I))2)½
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200. ND4= NDJ/4

201. D4 = ND4

202. D4MI= D4 - 1.0

Determine the smaller incremental distance.

203. DEL= (0.i0) (DTOT)/D4MI

Determine the numberof points in the larger region, _nd change
to a real number.

204. ND75= NDJ-ND4
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205. D75 = ND75

Determine the larger incremental distance

206. DELP= (0.90) (DTOT)/D75

Nowbegin relocating the points.
of the plug.

207. D = 0.00

208. DO229 LS = 2,NDJ

Determine the distance where a point is to be set.

209. If LS > ND4, then D = D + DELP

210. If LS < ND4, then D = D + DEL

Now set the points using a linear interpolation.

211. XSX(LS) = TAB(D,DS,XS,NSKPTS,I)

212. RSX(LS) = TAB(D,DS,RS,NSKPTS,1)

213o NUSX(LS) = TAB(D,DS,_JS,NSFJ_TS,I)

214. TSX(LS) = TAB(D,DS,TS,NSF_mTS,!) -

2]5. SSX(LS) = TAB(D,DS,SS,NSKPTS,I)

216. SA(LS) = TAB(D,DS,SAS,NSKPTS,I)

217. XSXI(LS) = TAB(D,DS,XSI,NSKPTS,I)

218. RSXI(LS) = TAB(D,DS,RSI,NSF_TS,I)

219. NUSXI(LS) = TAB(D,DS,_SI,NSKPTS,I)

220. TSXI(LS) = TAB(D,DS,TSI,NSKPTS,I)

221. SSXi(LS) = TAB(D,DS,SSI,NSKPTS,I)

The distance starts at the tip

Now calculate the downstream variables at each point. First de-

termine the upstream Mach number.

222. CALL PMTU_N

Determine the shock wave angle relative to the incoming flow angle.

223. S[_R = SA(LS) - TSX(LS)
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Calculate the cotai'_gent of the change in st<eim!ine angle across

the shock. Then deterndne this change in angle.

224. COTDEL = TAN(SWAR) ((G+I) (M2)/(2((MS) (SIN(SWAR)))2-2))-I)

225. DELTA = ATAN (I/COTDEL)

Calculate the downstream streamline angle.

226. TSY(LS) = TSX(LS) + DELTA

Evaluate the downstream variables across the shock at this point.

227. CALL OSHOCK

228. NUSY(LS) = PMANGL(MY,G}

229. SSY(LS) = (DSR) (RG) + SSX(LS)

Reset the total n_mber of shock points.

230. NSKPTS = LS

The characteristics solution will now be restarted. The starting

line is along the shock and will be a left-running characteristic

from the tip of the plug. First, reset the characteristics matrix

to zero.

231. D0237 I = I,NDI

232. D0237 J -- I,NDJ

233. X(I,J) = 0.0

234. R(I,J) = 0.0

235. NU(I,J) = 0.0

236. T(I,J) = 0.0

237. S(I,J) = 0.0

Determine a real number used in setting the J-subscript.

238. EKJ = 1.60

Begin moving along the characteristic.

239. D0246 I = 2,NSKPTS
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Set the J-subscript.

240. EKJ = EKJ + 0.50

241. J = EKJ

Set the points.

242. X(I,J) = XSX(I)

243. R(I,J) = RSX(I)

244. NU(I,J) = NUSY(I)

245. T(I,J) = TSY(I)

246. S(I,J) = SSY(I)

The initial characteristic line has now been set. Now begin

the method of characteristics solution which will move from

the shock to the near wake surface, and then proceed along a

left-running wave until it intersects the shock.

Set the number of characteristic-shock intersections.

247. NINTS = 0

Move from the shock surface to the near wake.

248. DO 384 L = 2,NSKPTS

Determine the streamline angle of the near wake.

249. TW = T2-THETI2

Calculate the value of the I-subscript on the near wake surface.

250. IS = (2) (L) - 1

Check for a constant pressure near wake boundary solution.

251. If IS > 3 and IBOUND = 2, then GO TO 254

A conetail near wake boundary is indicated. Calculate the

point on the surface.

252. CALL SURF

Now begin moving up the left-running characteristic.

253. GO TO 255
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A constant pressure boundary near wake surface is indicated.
Calculate the point on the surface.

254. CALLCPB

Increment the _tarting value of the I-subscript

255. IS1 = IS + 1

Set a real number used in setting the J-subscript

256. EKJ = 1.60

Start moving up the characteristic until an intersection with

the shock wave.

257. DO 383 I = ISI,NDIM1

Set the J-subscript

258. EKJ = EKJ + 0.50

259. J = EKJ

See if I is odd or even.

260. MI = MOD(I,2)

261. If MI = 0, then GO TO 264

I is an odd number. Calculate the characteristic point.

262. CALL CALC

NO intersection of the characteristic and shock has been found.

263. GO TO 383

I is an even number. Calculate the characteristic point.

264, CALL CALC

No shock-characteristic intersection was found.

265. GO TO 383

The characteristic has intersected the shock. Increment the

number of intersections.

266. NINTS = NINTS + 1
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See whether I is odd or even.

267. If MI = 0, then GOTO 276

Check for an incomplete characteristics matrix. I is odd.
-6

268. If /X(I-I,J+I)/ < i0 , then GO TO 385

Determine the subscript of the shock point.

269. JS = I-2-(NINTS-I)

Determine the Mach number and Mach angle at the characteristic

point whose characteristic intersected the shock wave.

270. CALL PMTURN

271. EMU2 = ASIN (I./EM2)

Determine the angle of the characteristic, and redefine the

coordinates of that characteristic points.

272. ANGCH = T (I-I,J) + EMU2

273. XQ = x(I-i,J)

274. RQ = R(I-I,J)

Continue the calculations in another part of the program.

275. GO TO 283

I is an even number. Check for an incomplete characteristics

matrix.

276. If /X(I-I,J) < 10 -6 , then GO TO 385

Determine the subscript of the shock point.

277. JS = I-2 - (NINTS-I)

Determine the Mach number and Mach angle at the characteristic

point whose characteristic intersected the shock wave.

278. CALL PMTURN

279. EMU2 = ASIN(I./EM2)

Determine the angle of the characteristic, and redefine the

coordinates of that characteristic point.
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280.

281.

282.

ANGCH= T(I-I,J-I) + EMU2

XQ= x (I-I,J-1)

RQ= R(I-I,J-I)

Calculate the slope of the shock and of the characteristic.

283. SLSK = TAN (SA (JS))

284. SLCH = TAN(ANGCH)

Calculate the axial and radial coordinates of the intersection

point of the sheck and characteristic.

285. XINT = (RQ-RSX(JS) + (SLSK)(XSX(JS)) - (SLCH) (XQ)/(SLSK-SLCH)

286. RINT = RSX(JS) + (SLSK)(XINT-XSX(JS))

Set up a ratio of distances in order to calculate the remaining

var5 ables.

287. RATIO = (XINT-XSX(JS))/(XSX(JS+I) - XSX(JS))

Calculate the remaining variables.

288. TINT ---TSY(JS) + (RATIO)(TSY(JS+I)_- TSY(JS))

289. NUINT = NUSY(JS) + (RATIO)(NUSY(JS+I) - NUSY(JS))

290. SINT = SSY(JS) + (RATIO)(SSY(JS+I) - SSY(JS))

291. NUX = NUSX (JS) + (RATIO) (NUSX (JS+I) - N%_SX (as))

292. TX = TSX(JS] + (RATIO) (TSX(JS+I) - TSX(JS))

293. SX = SSX(JS) + (r<hTIO) (SSX(aS+l) - SSX(JS))

The next section iterates to obtain a new shock wave m%g!e

at this intersection. Make a first estimate of the do_Tnstream

streamline angle.

294. TYG = T2 + THETI2

Check for a positive upstream streamline angle, arld then

modify this initial estimate of the downstream streamline

angle.

295. If TX > 0, then TYG = (i.!0) (TX) + 1.0/57.2957795
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Determine the change _n streamline angle through the shock.

296. DEL = TYG - TX

See if this is greater than the minimum change in streamline

angle. If not, then modify it.

297. If DEL < DDEL, then TYG = TX+DDEL

Calculate the change in streamline angle through the sheck,

and then determine the upstream Mach number.

298. DELTA.= TYG - TX

299. CALL PMTURN

Begin the iteration process.

300. DO 312 NCOUNT = I,I00

Calculate the shock angle.

301. CALL SHOCK

Determine the J-subscript for I being odd or even.

302_ Jl = J

303. If MI = 0, then Jl = J-i

Calculate the downstream shock variables from the method of

characteristics solution.

304. CALL SURFSK

Calculate the downstream shock variables from the shock wave

solution.

30B. CALL OSHOCK

Determine the do-_nstream Mach number, MY, from this solution.

306. CALL PMTURN

See if the iterations have finished.

307. If NCOUq_T = I00, then Go TO 313

Calculate the difference bet,,Jeen the dowmstream Mach num!_ers

as determined by these tvTo different methods.
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308. DFMY= MY-MINT

Determine the new change in stre_a!ine angle through the shock

based on the values of the two downstream Mach n[mubers determined

above.

309. DELTA = (DELTA) (MINT/MY)

Evaluate the next estimate of the downstream streamline angle.

310. TYG = DELTA + TX

See if additional iterations are required.

311. If /DFMY/ < 10 -4 , then GO TO 313

312. CONTINUE

Set the downstream Prandtl-Meyer angle, shock wave angle and

downstream entropy at this point.

313. NUY = NUINT

314. SAR = SWAR + TX

3]5. SY : (DSR) (RG) + SX

The next section modifies the remainder-of the shock wave shape.

The numbering system must first be altered. Set the starting

values of the I- and J-subscripts.

316. IST= I

317. JST = J

Set a real number used in determining the J-subscript.

3]8. EKJ = J + 0.]0

If I is an even number, then modify this number.

319. If MI = 0, then EKJ = J - 0.40

Begin changing the numbering system.

320. DO 330 IL = IST, NDIMI

Set the J-subscript.

32!. EKJ = EKJ + 0.50
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322. J - EKJ

See if I is odd or even, and depending on this result, determine
the J-subscript of the previous point.

323. MI = MOD(I,2)

324. Jl = J + 1

325. If MI = 0, Jl = J

Reset the characteristic points.

326. X(IL,J) = X(IL-I, Jl)

327. R(IL,J) = R(IL-I, Jl)

328. NU(IL,J) = NU(IL-I, Jl)

329. T(IL,J) = T(IL-I, Jl)

330. S(IL,J) = S(IL-I,JI)

The remainder of the shock shape. First establish the inter-

section as a shock point. Set the starting value of the

J-subscript.

331. JSI = JS + 1

332. XSX(JS] = XINT

333. RSX(JS) = RiNT

334. NUSX(JS) = NUX

335. TSX (JS) = TX

336. SSX (JS) = SX

337. NUSY(JS) = NUY

338. TSY (JS) = TY

339. SSY (JS) = SY

340. SA (JS) = SAR

Begin to modify the remainder of the shock shape.

341. DO 368 K = JSI, NbI_.11
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Calculate the slope of the shock wave.

342. SLSK= TANCSA(K-I))

Check for an incomplete array of shock points.

343. If XSX(K) < 10-6 , then GOTO 368

Calculate the slope of the shock point and the first upstream
point.

344. SLCH= (RSXI(K) - RSX(K))/(XSXI (K) - XSX(K))

Determine the intersection of this line and the projected shock.

345. XINT= (RSX(K)-RSX(K-I) + (SLSK)(XSX(K-I)) - (SLCH)(XSX(K)))/
(SLSK-SLCH)

346. RINT = (SLCH) (XINT-XSX (K)) + RSX (K)

Calculate a ratio of distances.

347. RATIO = (XINT-XSXI (K)) / (XSX (K)-XSXI (K))

Reset the variables on the upstream side of the shock.

348. XSX(K) = XINT

349. RSX(K) = RINT

350. NUSX (K) : NUSXI (K) + (RATIO) (NUSX (K) - NUSXI (K))

35]. TSX(K) = TSXI(K) + (RATIO) (TSX(K) - TSXI(K))

352. SSX(K) = SSXI(K) + (RATIO) SSX (K) - SSX!(K))

Set the first estimate of the do,,,mstream streamline angle.

353. TSY(K) = TSY(K-I)

Calculate the change in streamline angle across the shock.

354. DEL = TSY(K) - TSX(K)

See if this change in streamline angle is too small.

355. If DEL < DDEL, then TSY(K) = TSX(K)+ DDEL

Calculate the upstream Mach nt_mber.

356. CALL PMTUP_N
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Calculate the change in streamline angle across the shock.

357. DELTA = TSY(K) - TSX(K)

Determine the shock wave angle and also the downstream variables.

358. CALL SHOCK

359. CALL OSHOCK

Check for a too low do_nstream Mach number.

360. If MY < I.I0, then GO TO 362

Everything is satisfactory; go to another part to continue
calculations.

361. GO TO 365

Check to see if everythiDg might still be satisfactory.

362. If MINT < I.i0 and MY > 1.01, then C43 TO 365

The downstream Mach number is too low. Reset the downstream

streamline angle and repeat the calculations.

363. TSY(K) = TSY(K) - 0.00!0

364. GO TO 354

Set the remaining do_stream variables.

365. NUSY (K) = P_LANGL (MY, G)

366. SSY(K) = (DSR) (RG) + SSX(K)

367. SA (K) = S_AR + TSX (K)

368. CONTI NTJE

The characteristic points must be renurabered to the "lost"

point which occurred because of the intersection of the char-

acteristic and the shock. First, see whether the starting

value of I is odd or even.

369. MI = MOD(IST,2)

Determine the value of the real number used in sctting the

J-subsc_'ipt.

370. EKJ = JST + 0.!0
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371. If MI = 0, then EKJ = JST - 0.40

Redefine the subscript along the shock•

372. K = JSI

Begin resetting the characteristic points•

373. D0381 K1 = IST, NDIMI

Determine the J-subscript.

374. EKJ = EKJ + 0.50

375. ,7 = EKJ

Now set the characteristic points•

376. X(KI,J) = XSX(K)

477. R(KI,J) = RSX(K)

378. NU(KI,J) = NUSY(K)

379. T(KI,J) = TSY(K)

380. S(KI,J) : SSY(K)

Increment the value of K

381. K = K + 1

The intersection has been found, continue with the solution.

382. GO TO 384

383. CONTINUE

384. CONTINUE

All shock points between the free jet boundary and the tip

of the plug have been set Now set _h_ point on the free

jet boundary. First, set the shock wave angle.

385, SA(NSKPTS) = SA(NSKPTS-I)

Determine this shock wave angle relative to the upstream

streamline angle.

386. SWAR = SA (NSKPTS) - TSX (NSKLDTS)
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Calculate the Machn'_foer upstream of the shock on the free
jet boundary, and determine its square.

387. CALLPMTURN

388. SM= MINT2

Calculate the change in streamline angle across the shock.

389. COTDEL= TAN(SWAR)(((G+I) (SM)/(2 { (MINT)(SIN(SWAR))2-2))-I)

390. DELTA= ATAN(I/COTDEL)

Calculate the downstreamstreamline angle.

391. TSY(NSKPTS)= TSX(NSKPTS)+ DELTA

Determine the variables downstreamof the shock.

392. CALLOSHOCK

393. SSY(NSIqPTS)= (DSR)(RG)+ SSX(NSKI,TS)

Evaluate the do'_,a_streamstagnation pressure, and determine
a pressure ratio.

394. POY= (POR) (POl)

395. PR = POY/PA

Calculate a Mach nLtmber and Prandtl-Meyer angle corresponding

to this pressure ratio.

396. AMBM = (2((pRG_j-I)/(G-I)) ½

397. NUAMB = PMANGL (_MBM,G)

Determine the downstream Prandtl-Meyer angle as calculated

from the shock solution.

398. CPNT/Y = P_,__ANGL(MY,G)

Determine the difference in these Prandt!-Meyer angles and then

reset the downstream streamline angle.

399. DNU = hqlA_{B - CPNUY

400.- TSY (NSKPTS) = TSY (NSKPTS) + DN_J

Set the Prandtl-Meyer angle downstream of the shock.
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401. 5VJSY(NSKPTS)= NUA/4B

The next section evaluates the properties across the shock
at the intersection of streamlines with the shock. First

check to see _'hether any streamlines are present.

402. If NOSTRL = 0, then GO TO 455

Work with the streamlines not on a boundary.

403. NSLI = NOSTRL - 1

404. DO 433 JK = 2,NSL!

Determine the final point on each streamline.

405. NSTT = NSTRT (JK)-.I

Begin moving along each streamline looking for its intersection

with the shock.

406. DO 432 IK = I,NSTT

Determine the axial coordinate corresponding to an intersection

407. XCALC = TAB(RSTR(JK, IK), RSX,XSZ,NSKPTS,I)

Check for an actual intersection.

408. If XSTR(JK,IK) < XCALC, then GO TO 432

An intersection has been found. Calculate the slope of the

streamline at the point just upstream of the intersection.

409. SLST = TAN (TSTR(JK, IK)

Determine the shock angle and its slope at the intersection.

410. SACAI.C = TAB(RSTR(JK, IK), RSX,SA,NSILPTS,])

41]. SLSK = TAN (SACALC)

Determine the coordinates of the actual intersection.

412. XINT = ((SLSK) (XCALC)-(SLST) (XSTR(JK,IK)))/(SLSK-SLST)

413. PINT = (SLSK)(XINT-XCALC) + RSTR(JK,IK)

Now reset the streamline point at the intersection.

414. XSTR(JK,IK) = XINT
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415. RSTR(JK,IK) = RINT

Set the remainder of the streamline variables at this point.

416. TSTR(JK,IK) = TAB(RINT,RSX,TSX,NSKPTS,2)

417. NIJINT = TAB(RINT,RSX,hVJSX,NSKPTS,2)

418. CALL PMTURN

The remaining points on the streamline must be erased.

Set the starting point.

419 IPI = IK + 1

Begin erasing points.

420. DO 424 KK = IPI,NOSPTS

421. XSTR(JK, KK) = 0.0

422. RSTR(JK, KK) = 0.0

423. MSTR(JK,KK) = 0.0

424. TSTR(JK,K_K) = 0.0

The next streamline point will be at the same location, but

on the downstream side of the "lip shock".

425. XSTR(JK,IK+I) = XINT

426. RSTR(JK,IK+I) = RINT

Dete_uine the remaining variab]es at this point.

427. TSTR(JK,IK+I) = TAB(RINT,RSX,TSY,NSKPTS,2)

428. NUINT = TAB[RINT,RSX,NUSY,NSKPTS,2)

429. CALI. PMTU P_N

Reset the starting point on that streamline, and then go

to the next stre_umline.

430. NSTRT(JK) = IK+2

431. GO TO 433

432. CONTINUE
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433. CONTINUE

The next section takes care of the streamline along the free
jet boundary

434. DO435 LTP = I,NOSPTS

Look for the intersection of this streamline with the shock,

435. If XSTR(NOSTPJu,LTP)> XSX(NSKPTS)and RSTR(_OSTRL,LTP)>0.001,
then GOTO 436

An intersection has not been found.

436. GOTO 455

An intersection has been indicated. Set the value of the

subscript.

437. IINT= LTP

Calculate the slope of the shock and the slope of the boundary.

438. SLSK = TAN (SA (HSKPTS))

439. SI,B = TAN(TS'TR(NOSTRL,IINT])

Redefine the coordinates of the streamlfne point.

440. XB = XSTR(NOSTRL,IINT]

441. RB = RSTR(NOSTRL,IINT]

Determine the coordinates of the intersection.

442. XINq' = (RB-R_X(NSKPTS) + (SLSK) (XSX(NSF_DTS))-(SLB) (XB))/

(SLSK-SLB)

443. RINT = (SLB)(XINT-XB) + RB

Reset the last strea_nline point.

444. XSTR(NOSTRL,IINT) = XINT

445. RSTR (NOSTRL, IINT)= RINT

Calculate the change in streamline angle across the shock.

446. DELTA = TSY(NSKPTS) - TSX(_$SKPTS)

Reset the streamline variables uDstreeum of the shock.
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447. MSTR(NOSTRL,IINT)= M_AMB

448. TSTR(NOSTRL,IINT)= TSX(NGKPTS)

Set the subscript for the next point.

449. IPI =IINT + 1

Set the streamline point downstreamof the shock.

450. XSTR(NOSTRL,IPI)= XINT

451. RSTR(NOSTPJ_,IPI)= RINT

452. TSTR(NOSTRL,IPI)= TSY(NSKPTS)

453. MSTR(NOSTRL,IPI)= AMBM

Reset the starting point of th_s streamline.

454. NSTRT(NOSTRL)= IPI + 1

Redefine the stagnation pressure on this streamline downstream
of the shock, and its corresponding Mach number.

455. POLP = POY

456. _L_MB = AMBM -

Place a characteristic point on the free jet boundary. See

whether I is odd or even, and then set the J-_ubscript.

457. MI = MOD(I,2)

458. JX = J

459. If MI = 0, then JX = J-i

Calculate the free jet boundary point.

460. CALL CPB

Set the integer denoting that recompression has not as yet

been reached.

461. IRECP = 0

Set the last values of the I- and J-subscripts.

462. ILAST = I-2
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463. JLAST= J-I

Locate the end point of the characteristics matrix.

464. NDF= I-I

Set the starting value of the I-subscript.

465. IST = IS+I

Set the value of the J-subscript.

466. JTOP = J

Reset the last upper characteristic using the average of the

characteristic point and the downstream shock point.

467. X(NDF,J) = (X(I,J) + XSX(NSKPTS))/2.0

468. R(NDF,J) = (R(I,J) + RSX(NSKPTS))/2.0

469. NU(NDF,j) = NU(I,J)

470. T(NDF,J) = (T(I,J) + TSY(NSKPTS))/2.0

471. S(NDF_J) = S(I,J)

Th_s next section compeltes the charact@ristic matrix.

472. DO 5]0 L = IST,NDF,2

Check for a constant pressure near wake so!utior_.

473. If IBOUND = 2, then GO TO 477

A conetail near wake solution is indicated. Set the near

wake streamline angle.

474. TW = T2 - THETI2

Calculate the boundary point.

475. CALL SURF

Continue calculations in another section.

476. GO TO 478

A constant pressure boundary is indicated. Calculate the

point on this boundary.
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477. CALLCPB

See if recompression has been reached.

478. If R(L,I) <RSRB,then IRECP= 1

479. If IRECP= 0, then GOTO496

Recompressionhas been reached. Set the value of the I-subscript.

480. IREC= L

Set a ratio of distances and calculate the coordinates add

variables at recompression.

481. RATIO = (RSRB-R(L-2,1))/(R(L,I)-R(L-2,1))

483. XREC =X(L-2,1) + (RATIO) (X(L,I) -X(L-2,1))

4S4. RREC = R(L-2,1) + (RATIO)(P.(L,I) - R(L-2,1))

455. V3A = NU(L-2,!) + (RATIO)(NU(L,I) - NU(L-2,1))

486. T3A = T(L-2,1) + (RATIO)(T(L,I) - T(L-2,!))

487. S3A = S(L-2,1] + (RATIO) (S(L,I) -S(L-2,!))

Now reset the characteristic point at recompression.

488. X(L;]) = XREC

489. R(L,]) = RREC

490. NU(L,I) = V3A

49]. T(I.,I) = T3A

492. SOL,I) = S3A

Deter_nine the Mach nun_er at recompression.

493. CALL PMTURN

Deteznr, ine the value of the variable SOL3A de_ending on the

type of near wake solution used.

494. If IBOUND = I, then SOL3A = M3A/M2A

495. If IBOUND = 2, then SOL3A = T3A
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Reset the starting value of the I-subscript.

496. ISl = L+I

Both the "lip shock" and the recompression shock are in the

characteristic matrix. The solution will terminate on a left-

running characteristic starting at recompression. First set

the real number used to determine the J-subscript.

497. EKJ = 1.60

Now continue with the characteristics solution.

498. DO 507 I = ISI,NDJ

Be sure to stop on the left-running characteristic.

499. If IS1 > NDF, then GO TO 510

Set the J-subscript.

500. EKJ = EKJ + 0.50

501. J = EKJ

See whether I is odd or even.

502. MI = MOD(I,2)

503. If MI = 0, then GO TO 506

The subscript I is odd. Calculate the ch_racterlstic point

and continue calculations in another part of the program.

504. CALL CALC

505. GO TO 507

I is an even number. Calculate the characteristic point.

506. CALL CALC

507. CONTINUE

Calculate streamlines and return to the calling program if

recompression has been reached.

508. If IRECP = i: then CALL STP_NE

509. If IRECP = i, then RETU_
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510. CONTI_JE

Recompressionhas not been reached, so fill in the rest of the
characteristic matrix using s,mbroutine FLOW. Ho_;ever, the initial
line must be established. First calculate any streamlines.

511. CALLSTRLNE

Set integer values.

512. N1 = NSKPTS+ 1

513. NOPS= (NI/2) + 1

514. NPI = NOPS- 1

515. P1 = NPI

The initial line will be along a constant I value line. The term

DS is the distance along the shock.

516. DS(!) = 0.0

Redefine the first characteristic point.

517. XSXI(1) = X(NDF:I)

518. RSX!(1) = R(NDF,I)

519. NUSXI(1) = NU(NDF,I)

520. TSXI(1) = T(NDF,I)

521. SSXI(1) : S(NDF,I)

Begin calculating the distance along the line and also redefining

these last characteristic points.

522. DO 528 J = 2,NOPS

2
523. DS(J) = DS(,7-1) + ((X(NDFjJ) - X(NDE,J-1)) +

(R(NDF,J) - R(h_HDF,J-I))2)%

XSX!(J} = X(NDF,J)

R SXI(J) = R(NDF,J)

NUSXI (J) = bq] (NDF,J)

TSXI(0) = T(NDF,J)

524.

525.

526.

527.
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528. SSXI(J) = S(NDF,J)

Nowset the entire characteristic matrix to zero.

529. DO535 I = I,NDI

530. DO535 J = l,hDJ

531. X(I,J) = 0.0

532. R(I,J) = 0.0

533. NU(I,J) = 0.0

534. T(I,J) = 0.0

535. S(I,J) = 0.0

Now reset the first point on the initial line.

536. X(I,I) = XSXI(1)

537. R(I:I) = RSXI(1)

538. NU(I,I) = NUSXI(1)

539. T(I,I) = TSXI(!)

540. S(l,l) = SSXI(1)

Set the starting value of the distance along the starting line,

and redefine the total distance.

541. D = 0.00

542. SOD = DS(NOPS)

Calculate the incremental distance along the initial line, and

then begin moving a]ong this line.

543. DD = SOD/DJMI

544. DO 550 J = 2,NDJ

Determine the distance along the line.

545. D = D + DD

Obtain points on the initial line.
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546.

547.

548.

549.

550.

X(l,J) = TAB(D,DS,XSXI,NOPS,1)

R(I,J) = TAB(D,DS,RSXi,NOPS,])

NU(I,J) = TAB(D,DS,mJSX!,NOPS,I)

T(l,J) = TAB(D,Ds ,TSXl ,NOPS, I)

S(I,J) = TAB(D,DS,SSXI,NOPS,I)

Reset the final I-subscript.

551. NDF = NDI-I

Redefine the position integer.

552. ILOCN = 2

Continue characteristics solution and then return.

553. CALL FLOW

554. RETURN

Both the "lip shock" and the recom_)ression shock are in the same

characteristic matrix. Calculations of the characteristic up to

the left-running wave from reco_oression will now be done. First

define the integer.

555. NDJ2 = NDJ/2

Set the starting and ending values of the J-subscript.

556. JST = ((NDF-IREC)/2) _ 2

557. JFIN = NDJ2 + 1

Determine the number of I-subscripts between recompression and the

end of the characteristics matrix.

558. ID!FF : NDF - IREC

Define three other integers based on this result.

559.

560.

561.

IDI = IDIFF + 1

ID2 = IDIFF + 2

I03 = IDIFF + 3
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Shift the characteristics matrix to the left.

562. DO568 I = I,IDI

563. DO568 J = I,JTOP

564. X(I,J) = X(IREC-I+I,J)

565. R(I,J) = R(IREC-I+I,J)

566. NU(I,J) = NU(IREC-I+I,J)

567. T(I,J) = T(IREC-I+I,J)

568. S(I,J) = S(IREC-I+I,J)

Set the last value of the I-subscript.

569. IEND = IDIFF+2

Begin the characteristics calculations.

570. DO 586 K = JST,JTOP

Define an integer.

571. K1 = K+I

Set %/_e real number used to determine the J-s[_scr_pt.

572. EKJ = K+0.60

Be9in moving along right-running waves.

573. DO 584 I = ID2,IEND

Set anot/_er integer subscript.

574. IM-- I-i

See whether I is odd or even.

575. MI = MOD(I,2)

DetezT_ine the J-subscript.

576. EKJ = EKJ - 0.50

577. J = EKJ

See if I is an even nut,her.
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579. If MI = 0, then GOTO 582

The subscript I is odd. Calculate the characteristic point and

then go to another part to continue.

579. JP = J + 1

580. CALL CALC

581. GO TO 584

First define a subscript.

I is even.

582.

583.

Define a subscript and then calculate the point.

JP = J - 1

CALL CALC

584. CONTINUE

Increment the final value of the I-subscript.

585. IEND =IEND + 1

586. CONTI_UE

Now move from the top surface of the characteristics matrix to

the left-running characteristic.

587. DO 606 K = ID3, NDF, 2

Calculate the J-subscript and then calculate the free jet boundary

point.

588. J = JTOP

589. CALL CPB

Define the real n<_bber used to determine additional J-subscripts.

590. EKJ = JTOP + 1.60

Set the starting value of the I-subscript.

591. K! = K + !

Now begin moving along right-running characteristics.

592. DO 604 I = Ki,IEND

Make sure extra points are not calculated.
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593. If K1 >IEND, then GOTO607

Define a calcu!ational integer and the J-subscript.

594. IM = I - 1

595. EKJ - EKJ - 0.50

596. J = EKJ

See if I is odd or even.

597. MI = MOD(I,2)

598. If MI = 0, then GO TO 602

I is odd. Calculate the characteristic point.

J-subscript.

599. JP = J + 1

600. CALL CALC

60]. GO TO 604

I is even. Set the J-subscript, and calculate the point.

602. JP = J - 1

603. CALL CALC

604. CONTINUE

Increment the final value of the I-subscript.

605. IEND = IEND+I

606. CONTIk_E

Redefine the maximum n_mber of J- and I-subscripts.

607. -NDJP = NDJ

608. NDIP = NDI

Reset the maximum number of J-and I-subscripts.

609. NDJ = JTOP

610. NDi = (2) (NDJ)

First define the

XLII-50



Detemine the recompression shock shape.

611. CALLSSHAPE

Reset the maximumnumberof J- and I-subscripts.

612. NDJ= NDJP

613. NDI = NDIP

614. CONTINUE

The last section takes care of printing out the final variables
along the "lip shock". The program skips a page and then prints
headings. Nowbegin moving along the shock.

614. DO625 K = I,NSKPTS

Check for a missing point.

615. If XSX(K) < 10 -6 , then GO TO 625

Dimensionalize the shock point coordinates.

616. XDIM = (XSX (K)) (RPB)

617. RDIH = (RSX (K)) (RPB)

Change the upstream and downstream streamline angles from radians

to degrees.

618. TXD = (TSX(K)) (57.2957795)

6]9. TYD = (TSY(K)) (57,2957795)

Determine the upstream and do%Tnstream Mach numbers.

620. CALL PMTU_{

621. CALL PMTURN

Change the shock wave angle from radians to degrees.

622. SWAD = (SA(K)) (57. 2957795)

Print out the results at each point.

623. PRINT J,XDIH,RDIM,MI}_T,HY,TXD,TYD,S_'_%D,SSX (K) ,$SY(K)

Punch out the coordinates of the shock point.
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624. PL_CHXDIM,RDIM

625. CONTINUE

Return to the caiiing program.

626. RETURN

627. END
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XLIII. MAINPRO-_._',I"MAIN"

The main program, reads in all data and non-dimensiona!izes
distances. After a solution has been reachedr the base pressure results
and streamline variables are printed out by _bAIN.

COM}IONBLOCKS

COMMONblocks ACCBLK,_4B, BBBLK,BLBK, BLDM,BLK3A,CHIBI.K,
CNRANG,CNTR,DATBLK,D3BLK,ETABLK,F4BLK, GAS, PAPJhM,PBBLK,PTNOS,
SIGBLK,SIZE, SOLBLK,STRBLK,STRL, THETBK,TPN, and TRBBLKare used.

TPNZZLSUBROUTIB_S

MAiN is the main program.

MAINuses the function subprogram P_NGL, and calls the subroutine
TPNZZL.

FORTRANSYSTEMROUTINES

Built-in FORTP_ANfuncticn SQRTis used.
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ACC5C6- accuracy requi_'ement on the base pressure solution

ACST4 - accuracy requiremer:t in locating the j-streamline

CI2 - value of the 12 integral (Equation 13)

CJ2 - value of the J2 integral (Equation 15)

CR - ratio of the Crocco nmn_berat recompression to that just after
separation

CSQ - square of the Crocco nundoer just before separation

C2A - Crocco number just after separation

C3A - Crocco number just upstreara of recompression

C3AS - square of C3A

C6 - Crocco number on the d-streamline at recompression (Equation 9)

DELI - boundary layer thickness (inches)

DI - non--dimensional distance along the initia] line

DL2S_' -- boundary layer momentuu_ thickn__ss (i_ches)

EGP - geometric par6_eter (left hand side of Equation ])

ETAD3 - non-di_ensional coordinate of the d-streamline at recompression

ETAJ3 - non-dimensional coordinate of the j-streamline at recompression

ET_[2D - non-dimension shift between the viscous and inviscid coordinates

just after separation

ETA_3D - non-dimensional shift between the viscous and inviscJd coordinates

systems at recompression

EX - boundary layer velocity profile exponent

FB - pressure function

G - ratio of specific heats

GD - mass bleed rate (Ibn/sec)

GDBL - equivalent base bleed rate due to a bour_dary layer (ibm/SaC)

GDRAT -- ratio of the base bleed to the sum of t]-_e base bleed and the

equiva]en'; base bleed due to a boundary layer
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GP

H

HP

I

- geometric parameter (right hand side of Equation i)

- non-dimensional bleed number for total bleed

- non-dimensional bleed number for base bleed only

- subscript

IBOUND - integer telling what type of base pressure solution is desired

IOPTR - integer telling the type of initial line

J - subscript

LAM - plug temperature ratio, Tp/Tol

MAMB - Mach number corresponding to _mbient conditions

MBLD - integer denoting whether base bleed and/or a boundary layer

is present

MBLDBL - integer denoting whether a boundary layer is present

MESHPM - integer factor used in setting the minimum number of discrete

turns from the plug surface to the near wake

MI - Mach number along the initial ].ine

MSTR - array of Mach numbers at each streamline point

MIA - Mach number on the plug surface just before separation

M2A -Mach number just after separation

M3AM2A - ratio of the Mach number just upstream of recompression to M2A

N - denominator of the boundary layer velocity profile exponent

NASI_ - recompre_sJon coefficient

NDI - maximum number of I-subscripts in the characteristics matrix

NDJ - maximum nut,her of J-subscripts in the characterfstics matrix

NEPS - integer telling ,whether the nozzle configuration is axisyn_etfic

or planar

NEX - denominator of the boundary layer velocity profile exponent

NOIPTS - nun_er of points on the initial line"
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NOPPTS-. numberof plug ccordinate voints

NOSPTS- numberof poir_ts on each streamline

NOSTRL- number of streamlines

NU - array of Prar_dtl-Meyer angles (radians) at each point in

the characteristic matrix

NUI - array of Prandtl-Meyer angles (radians) at each point along

the initial line

OMEGA - conversion factor from degrees to radians

PA - ambient pressure (ib/in 2)

PAF - ambient pressure (ib/ft 2)

PB - base pressure (Ib/in 2)

PBPA - ratio of base pressure to ambient pressure

PBPO - base pressure ratio, Pb/Pol

PBPI - ratio of base pressure to the static pressure just before

separaticn

PEST - initial estimate of the base pressure ratio, Pb/Pol

PHID3 -, velocity ratio on the d-stream]ine at recompression

PHIJ3 - velocity ratio on the j-streamline at recompression

POl - chamber stagnation pressure (ib/in 2)

POIF - chamber stagnation pressure (ib/ft 2)

PRTO! - static pressure ratio on the plug surface just upstream of

separation, P/POl

R - array of non-dimensional radial coordinates at each point

in the characteristics matrix

PDIM - dimensional radial coordinate (used for output)

RG - gas constant (ft-lbf/ibm-°R)

RI - array of radial coordinates along the initial line

_,_CH - Mach number just upstream of recompression
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RP - array of radial coordinates at each poi1_.t_n the plug
surface

RPB - plug base radius (inches)

RSRB - wake radius ratio

RSTR - array of non-dimensional radial coordinates at each point
on a streamline

S - array of entropies at each point in the characteristics
matrix (ft-lbf/Ibm-°R)

- array of entropies along the initial line (ft-lbf/ibm-°R)SI

SOL3A - equivalent to M3AM2A, OR the streamline angle (radians)

just upstream of recompression

S3A - jet spread parameter '

T - array of streamline angles (radians) at each point in

the characteristics matrix

TDEG - streanqine angle in degrees

THETI2 - change in strean-tline angle (radians) from the plug surface

to the near wake

THET2A - equivalent to THETI2 except that it is in degrees

THET3A - streamline angle (radians) just upstream of recompression

- equivalent to THET3A except that it is in degrees

- array of streamline angles along the initial line (radians)

- streamline angle (degrees) at a point along the initial

line

TO1 -_ chamber stagnation temperature (oR)

TOIF - chamber stagnation temperature (OF)

TP - arx'ay of stre_umline angles (radians) at each point along

the plug surface

TRB - base temperature ratio, Tb/Tol

TSTR - array of streamline angles (radians) at each point on

a streamline

TH3A

TI

TID
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T2

X

XDIM

XI

XP

XPF

XSTR

- streamline angle (radians) on the plug surface at the

base

- array of non-dimensional axial coordinates at each point

in the characteristics matrix

- axial coordinate in inches

- array of axial coordinates along the initial line

- array of axial coordinates at each point on the plug surface

- non-dimensional axial location of the plug base

- array of non-dimensional axial coordinates at each point

along a streamline
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SOLUTIONMETHOD

Skip a page.

I. PRINT i00

Define t/',e value of 1° in radians

2. OMEGA= 1/57.2957795

Readin the three run-identification cards and print them

out immediately.

3. READ 107

4. READ 108

5. READ 109

6. PRINT 107

7. PRINT 108

8. PRINT 109

Read in the number of vertical characteristic points, and

calculate the number of horizontal characteristic points.

9. READ 117, NDJ

I0. NDI = (2) (NDJ)

Read in the ratio of specific heats, the gas constant, the

reservoir temperature and pressu;-e.

]1. READ i0], G, RG, TO1, POI

Read in the base radius and whether the flow is axisy_etric

or planar.

12. READ 103, RPB, NEPS

Read in the anabient pressure.

13. READ 106, PA

Print out the ratio of specific heats, the reservoir temperature

and pressure and the auto,lent pressure.

14. PRINT 145, G, TO1, POI, PA
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Readin the numberof streamlines to be calculated.

15. READ146, NOSTRL

Readin the accuracy requir=l_ent in locating the j-streamline,
the accuracy requirement on the base pressure solution, and the
recompression coefficient.

16° READii0, ACST4,ACC5C6,NASHF

Read in whether a conetail or constant pressure mixing solution
is desired.

17. READiii, IBOUND

Read in whether base bleed is present, and the amount of bleed

18. READ116, MBLD,GD

Read in whether a finite approaching boundar_ layer is present,
the boundary layer thickness, the profile exponent, and the plug
temperature ratio.

19. R/;AD153, MBLDBL,DELl, N, LAM

Combinethe bleed and boundary layer integers.

20. MBLD= MBLD + MBLDBL

Read in the first estimate of the base pressure ratio, and the

base temperature ratio.

21. PJ:AD 112, PEST, TPJ5

Read in the number of plug points to be read in, the number of

initial points to be read in, and the type of initial line.

22. R_AD 102, NOPPTS, NOIPTS, IOPTR

Print title and column headings.

23. PRINT 113

24. PRINT 114

Punch out the number of plug points.

25. PUNCH 142, NOPPTS

Read in the plug points, punch out the coordinates, and then print

c u_ _he coordinates.
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26. DO31 I = I,NOPPTS

27. PEAD104, XP(I), RP(I)

28. PL_CH143, XP(I), RP(I)

29. PRINT1!5, XP(I), RP(I)

Non-dimensionalize coordinates with the base radius.

30. XP(I) = XP(I)/RPB

31. RP(I) = RP(I)/RPB

Redefine the axial distance of the last plug point.

32. XPF = XP (NOPPTS)

Now read in the position and variables along the initial line.

33. DO 38 j = I,NOIPTS

34. P_AD 105, XI(J), RI(J), MI,TID, SI(J)

Change the streamline angle from degrees to radians.

35. TI (J) = (TI (J)) (O_4EGA)

Calculate the Pranc]tl-_deyer (P-M) angle corresponding to the

Mach nu:nbe_" at this point.

36. NUI (J) = PZ4ANGL (MI,G)

Nen-dimensiona]ize the coordinates.

37. XI(J) = XI(J)/RPB

38. RI(J) = RI(J)/RPB

Determine the solution to the nozzle base pressure and flow field.

39. CALL TPNZZL

Skip a page.

40. PRINT i00

See if stre_nlines have been calculated.

41. If NOSTPL = 0, then GO TO 57
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Print out stream!.ine locations and variable,s.

42. DO55 J = I, NOSTRL

Skip a page and print title and column headings.

43. PRINT I00

44. PRINT 119

45. PRINT 120, J, NOSTRL

46. PRINT 121

Move along each streamline.

47. DO 55 I = I,NOSPTS

Look for the last point on the streamline.

48. If RSTR(J,I) < 10 -6 , then GO %_0 55

Look for an intersection between the lip shock and a streamline.

49. If I > l, and /XSTR(J,I_XSTR(J;i-I)/ < ]0 -5, then PI{IN'I' 147

Dimensionalize coordinates, and change the streamline angle from

radians to degrees.

50. XDIM = (XSTR(J,I)) (RPB)

51. [<DIM = (RSTR(J,I)) (RPB)

52. TDEG = (TSTR(J,I)) (57.5957795)

Print out coordinates and variables and punch out coordinates.

PP_YNT 142, XDIM, RDIM, MSTR(J,I), TDEG53.

54.

55.

PU[,._CH 143, XDI._4, RDIM

CONTIN[FE

S!<ip a page.

56. PRINT 100

Print base E ressure titles.

57. PRINT 123
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58. PRINT 124

Print out the ratio of specific heats and the gas constant.

59. PRINT125, G, RG

Calculate the temperature in degrees F.

60. TOIF = TO1 - 459.0

• Print the reservoir temperature in

61. PRINT 126, TO1, TOIF

o
R and OF

Calculate the reservoir pressure and ambient pressure in psfa.

62. POiF = (POl) (144)

63. PAF = (PA) (144)

Print out the reservoir and ambient pressures.

64. PRINT 127, POI, POIF, PA, PAF

Print out _le base temperature ratio.

65. PRINT 128, TRB

Determine the actual nozzle base bleed; subtract off the equivalent

base bleed due to the initial boundary layer. Print out this

bleed rate.

66. GD = GD - GDBL

67. PRINT 129, GD

Calculate the non-dimensional bleed number.

6B. HP = (GDRAT) (H)

If base bleed is present, print out this non-dimensional bleed

number.

69. If MBLD = i, or MBLD = 3, then PRINT 144, HP

See if a boundary layer is present.

70. If MBLD = i, or MBLD = 0, then GO TO 79.

Print boundary layer title.
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71. PRINT154

Print out the boundary layer and moment_rLthicknesses.

72. PRINT]52, DELI, DL2ST

Changethe profile exponent to an integer number.

73. NEX= N + 0.0010

Print out the profile exponent and the plug ter,\oerature ratio.

74. PRINT 149, NEX, LAM

Print out the equivalent bleed due to the boundary layer.

75. PRINT ]50, GDBL

Calculate the equivalent non-dimensional bleed number due to the

initial boundary layer.

76. _m = (I.0 - GDRAT) (H)

Print out this result.

77. PRINT 15], _P

78. GO TO 80

No boundary layer is present. Print out a message to this effect.

79. PRINT 148

Determine the type of mixing solution used and print out a message.

80. If I_DUND = I, then PRINT 130

81. If IBO[IND = 2, then PRINT 131

Print out recompression coefficient.

82. PRINT ]32, NASHF

Print output title.

83. PRINT !33

Calculate the actual b_se pressure, and determine the base-to-

ambient pressure ratio.

84. PB = (PBPO) (_01)

XLIII-.12



85. PBPA= PB/_A

Calculate the static pressure ratio just upstream of separation
and calculate another base pressure ratio.

G

86. PRTOI = (i + ((G-I)/2)(MIA2)) G-I

87. PBPI = (PBPO) (PRT01)

Print out base pressure ratios.

88. PRINT 134, PBPO, PBPA, PBPI

Calculate the Mach n_mber upstream of recompression.

89. RMACH = (M3AM2A) (M2A)

Print out the Mach ntm_Ders.

90. PRINT 135, MIA, M2A, PJ4ACH

Change the wake angles from radians to degrees, print out these

results.

9]. THET2A = - (THET12) (57. 2957795)

92. TH3A = - (THET3A) (57. 2957795)

93. PRINT 136, THET2A, TH3A

Print out the jet spread parameter and the wake radius ratio.

94. PRINT 137, S3A, RSPd_

Calculate the Crocco numbers and print out the results.

95. C3A = SQRT(C3AS)

96. C2A = C3A/CR

97. PRINT 138, C2A, C3A, C6

Print out conditions along the j- and d-streamlines.

98. If MBLD = 0, then PRINT 139, PHIJ3, ETAJ3

99. If MBLD _ 0, then PRINT 140, PHIJ3, ETAJ3, PHID3, ETAD3

If the flow is axis_netric, print out the displacement.
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i00.

i01.

102.

If NEP_ 0, then PRINT 141, GP, ETAM2D,ETAM3D

STOP

END
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